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Abstract Traditional routing protocols for mobile sinks in wireless sensor networks,should broadcast repeatedly their
current location information to all sensor nodes while sinks are moving, but this process consumes a large amount of en-
ergy. For the problem above, an anycast routing protocol for mobile sinks in wireless sensor networks (ARPMS) based
on predictive strategy was proposed. In ARPMS, sinks spread their moving information only when sinks change their
moving direction or speed,by those moving information, sensor nodes could calculate(predict) sinks’ current and future
location and select the sink with highest energy efficiency as the anycast objective. Because sinks don”t spread their
moving information at all times, ARPMS saves much energy cost. Simulation experiments results show that compared
with ALURP protocol, the performance of ARPMS is better in term of energy efficiency (223%~462%).

Keywords Mobile sinks, Wireless sensor networks, Anycast, Routing protocol, Predictive strategy

=, g4 Sink B o B A B A5 S A0 BEFETT S . SCRR[314E.
H — 9 2 SR B R B DD i B UK P 4 R 4 Ry 5 T
7, 24 Sink B EhAT R TN A0 B8 R A R R 3

5iE

JL¥, &% R 2s W 4 (Wireless Sensor Networks,

WSNOW B H) Sink R ZIREEFMKE. FHBS
Sink B AR o, A2 RRAR T UK MW B8R 2 4 BBk AE I 2
Sink, i F Sink A K H R A EKBRHLEZ M, B E
KNBRBRET IR (Sink AEW SEEKRD . B3 Sink
FARMIR R R T AR Sink B48 BT 4, AT
REFE RBMEAF M. TiH, B3h Sink B A 8N DLE
FERREY RAENSUBRENBRITRENEEIHE
Sink,

Sink FER Bt 2 o, WU U B B T R AT A B
LZPHHSD XA R K, A5 SRV AR R
o, REREINE, 2 E 014 HARE Ik IR E RERE AR,
Yol 58 B 8 Sink A1 R BER Z R K HEL A Agent R4
1% 3h Sink ¥ B 15 B, 38 —F 5EZ DL 88 RO7

F H1:2013-03-03 &4 H#:2013-06-04

B BEERE AR, FE Sink 85 8 R @ A%
HLREEKEREFE. CER[4]4R H—FE T30 Sink M5
HREH R (DCSR) ,DCSR BIFE S e —MREL,
AR FREBERRBRETRE MBI K, WS
Y BB RESR A2 W 2048 » 5L By F SRR A R R R R 4 IR B T B
B— NP [a]f&, DCSR R R AT REWL O R E A BB B
RBRHEERE RARBEY W T XA, KimP R
FA% sl Agent £ AR FW A HHE Sink 7 8 I BEFEFF B H U E
= £ 442 [R) B (triangular routing problem), Martal® ) 1B
KR URBHET AR T REN A Sink B 8.
Luo™ ¥ %5l Sink AIERMMNEERE N EREE, NTTHE
KEAREFE, ZRB T UA R MR GBER"HE,H Sink
B BIHEEI AR 2R, EB L Sink R4 A R FH8

AXFZEFERPFEETH (61103142,61206138) , ITH B SR 2 THRTAE ¥R,

MEm(1978—) , &, {14, YR, CCF &R, TEMF 108 M4 R, E-mail : guyunlily@sina. com; 8 EE (1950—), B, ##2, 1§+ 4 B IF,

EERRF R ARBEEARRIA.
+ 166 -



BRI TR A NP B, Hanl R h£0
YIRS /NI WSN B8 R, SR ) — R LR
KB ARG A HAE WSN B [ &, Rao™ i1 4047 Sink ¥
B AR W B TR A Sink (9% 38
FHEZ SR THE Sink L Pk WSN B v 2.
L iR 4ER 8 Sink BES 34% 50 2 3 7T LA 48 L BT R A o
g , 3538 1 UDG(Unit Disk Graph) SR8 H B0 4 1%
WA EEYE, Wang $2 H —Fh 2T HFB1Z B AL 1 B9 B i P
(ALURP")Y, 24 Sink 7E B 18 B X 38 (adaptive local area)
Bt AV EEE AR EER R SHER;H—B Sink %
HZR s, A BEE B E2MZEt. Bk, & ALURP +#,
WIR Sink SER H B N X, #9& Sink 1 B 15 B K BB
REX.

K F#Hahet Sink Fatad) B HAL BEIfR B S BAEAET
E XM, B ER AR M E (W RBEREERAE
B BRSO TR R, (B K 2R E Sink B
FHCIREAVE R B, BB E KB RANRTEE. s HRERE,
B —FE T B AL K B B AR (ARPMS) . % ARPMS
1, Sink REEREHE S 14 R A B K EHE S BEBEE
BahiE B, T RS 3 A T AT Sink F 24 A F0RE SR A7 B,
FH L FEBERER R B R AY Sink fE 0 (L3 BAR. M F Sink X%
AR EE AL EAS B, ARPMS 94 T KB B I, Bt R4
BERBBFENCR,

2 TRINCERE R B R B

EAHME WSN i hn Sink %% B 35| AEHBER, 8B4
BB IE B - R RERE, IR WSN A7 #. £
R IPve ROLH — BRI IRF 5 — P REE SEEAH
PERE - ZEEEF. AARIL: A B EEFmL; G
(A RIE A WEHRHRES BIEE) Sink £4) 85 M4
WH A HGAOHRE MU MERBTRES HF
N A &, EBE) Sink PR AEEEAR, FH ST UAEA
Sink L FE M FTREAR BRFEB B AER Sink £y 1 Y W U 8
BEArHICIRE HAR
2.1 TafERE R e R

AICERSELA Sink U EL KB Y Sink TFERAE
TRESI W EE R, Sink B AT YT E ST E NG FE—
AN R ROFERARE Y A, B JBT A X Sink 1)
BHEE ARG R 8 (GEED ; B8 sE F Il R
Sink #3015 8 Z b — B4 2L TR R R R H
BV RFRFZ Sink HBHEFEE. WE 15, S HEFW
FLALA A BTEED Sink, G, Gy, 00+, Cr ZE20HIRE Sink B4
TE. M A BHE G BE, BTFREETH I, &% G
PERGET ALIE M G BUE A, FTHETT O o) FE B s SRS
A SKEIZGE B R A, B3 BRI AT LU e
Ax LR, FFFRIATE A, BB R A0 ) ER BARYS
FLHESE A B, EI0REN SR 4B b, 2SN T
W BRI B, MR A m B, BT A R E &
Hom BEIRGEE, T m AEFIE A, BYREFESE
i) 5 AR Sink ZEARUCE B B P AR T B S H A m
i, Az AFE n BB E N (B FRAKE THBIHHEL, A,

R 23t BHED T o AT G 2D A, BOEK,
FH—EHHE C B L—EHTH C T A B
158 Bk n AT LB EE AL A, HORLE.

Bl mkdsEE

2.2 CHREWMEEITH

B4R Sink AARH (25 31) B Sink BB 3 B 0, H
FRSERE R V. A E R o (A 3CR A IRAE B P, 7T U
EHHETABANERFL, FFHEE XM Y#) ., AxgE
WSN 545 S B SNR R A 3 MR Z R o, WAERT 2] 2,
B3l Sink BEIBAKR (2. 3.) » (s v O RITHFEIT .

(T sy ) =Cz1 , 3D +0X (8, —1,) ¢))

T2 LPr AR TR, B35 Sink £ B EH—F
MESHITERIBERN X8 HF AT RE 0. K 2 K
™A SRS Sink FERFTHEELF WX HEE V H
AT, £ XERERE 0,0 BUEZEK B (—=/4,7/4)
FHIRMARUEIES 5347, B Sink 78 Y 85 M) 3E B T 89 BUE
Rk (—V, V),

B2 LRSS REE

B BTRT 20 2, WAERT 2 1, 2253 At=1,—:. BHEJE,
Sink N ZB B B AR W)= VAL, O, B FLhRREHE
A 8, At B}iE]f5 Sink SEFRES 3 B ARAR W, = (VAL ) AL, Sink
EYHEBHHNEEER :—g(0)=VArtand, Htp V 1 Az
REAMEE.OR—ADHEYER, £ XE (—n/4, 7/ RM
PRHEIES A, Bl 0~N©,D ., HFERE(—n/4,n/4) L{E
H g (@ =Vasec?0>0, HA K B

0=h(z) =arctan(z/VAt) 2
R (RBUWT
PN Ve
W D=y 12 ®

T8 z=g(@ =V Attant BIETREBE Y(OUWT :
o 167 -



V()=
VAr ] Syl
{ VAD 12 me , Var=VA: 0
0, otherwise

FXBRAETUEALE W1 ARFFTETS £ o, TRF R0KE W T 85
B BAE R u, WY u 15 Sink KEE W. BEER 2. &
B RBKEIRIERR », R | =< B, R o TSRS
F W WBEE oy HIC R 2 Sink, g1k ATSIC R BRI R P 1
T

p— J V() dz )

2.3 WiREM

Y Sink KA IZ B 7 16 B FE R, by HAE T A BRI Sink
MBHEE FWATFELE — KB H R, S S
CAHRR (o » 30 ) MBI B T ALBIIR Y I Sink B988 3h 15 BT,
FHZEEREAEEREERD. ERBORFTRER
Sink FAEHHAE . S RE M BE R AT Sink B9 245 (20 300
S5 (FBE o) FIEREE V. 2 AT R 3308 i & 70 ik [B] L 4 T4
A D AR R P, HESHMmE 3 Frr.

Destination | Destipation | (. Publish | Anchor | Probability

(Anycast) | (Unicast) Anglea | SpeedV | o | Node P

K3 (LRt REE

e R A 2B LR N AR B NEIE S HE B E
Sink f9ESZE , QT BS

At=t,—t.+1, ®
R,z KRB H NI S Blik Sink WEFIE, 45C
BBk E R 1, Sink 55 S HHFPER % D, M Sink 5
SZIEHBkE H~D/r, H I A 18, S ZiX Sink KIBTIE 2, 40
F:

t,a~tD/r ¢}

Wit Ar=ax1—z0, Ay=3 — 3. SEESEN SHE
Z Sink At, Sink 3R IFAEH ), ArBFEE,Sink 5 S Z [AIAY
B D ETENT.

D= ./ (Az+AtVsina)? +(Ay+ AtVeosa)? '¢))

HER O —RE®, 1B

D=(—x+ V=470 /27 )
H,

x=—Z(M;t—C)‘£+%(Axsina+Aycosa)) aom

y=1-(Vt,/r)? an

§=—2&‘:t—c)V(Axsinoz—!—Aycosaz)--'A.r?‘‘Ay2 Qa2

i

xz_4y§=(2th(tu;zc)V2 )2+(gtrLr)2+8(tur—tc)r>o

a3

B, K(OFZHE. RADH

= AxVsina+ AyVeosa (14

18 DER,BRER O RO, TEd aLRARG),
A DA Sink RT3 BRI MBI R P,OEBA S
HER B RS,
2.4 fEEBMEIEE

ASCRAMERBE R HLE, IR SRR REEH

+ 168

Sink /&4 BARCIR IREOL. f& 5050 v 4] B LU BE B SRl fY)
Sink f28 BAR BER R A ABHE B . — HBEIOWK
Sink i FEKH HEAEHHBHER, RETENLZ BT
EBR, LHR BRICR AR MR B R (R 5), AT
WINEALRERE, BEFERUR R RS . Bk, & 3CE LBEFRER Q
HITENT .

Q=E/P (15)
Hf, E RAH HEWBE 240 i RERE , BLIR R IR RE#E R BT K
BIHEECRERE; P RICHURIIER . BAR, BEFER Q /D, KAk
FERLR A,

IE{Er Xk} AR b WRPBERIRERE , 10 { Er X b} N EIK
k R BRINAERE. (Er Xk F{Er Xk} T4 1IN (16)
ML ADFR:

{Er Xk} =Eup X 7" X k4Epee X7 (16)

{Egx Xk}=EFE. Xk an
HAp, KA P H n BERIEEBE n=2; @ K BN —F
LB RBE R N - B9 DRI TE .

B WSNHRIEER o, I TREEHERAT HEEN
], S22 BB TR ] P9 3 AR ORI TR Y R R 4L R
G — Bk SE IR B BBRE R (on? — D {Er Xk}, BEY A SR
B (OTTEHIER A 3 D, WBkE Hi~D./r, K& k
FrE A MERFEE. iTEINT

E;=H;{Er Xk)+H;{Eg Xk} (prr* —1) 18

BRI A5, T ST LI X R Z 8 Sink HEE
FER Q, #E QEE/MY Sink MER WL I BAx.

3 XBS5HH

AT RATLL ALURP AR5t BR UM, FEAR R Sink 2
MARFEIPEHET WE ALURP 1 ARPMS fy3& 3.

PFEER—NEA N A (800~1200) 45 & iy R 4, 5
BEMLA G 7E 500 X 500m MBI B . PR B BT 4 sifs
PR r=30m; fE Sink(fER A FD , B H R B M=4,
Sink BA TRREER , BENBE V g 5~25m/s, B R 10s %3
— K7 161 , Sink i B E S A BE O FEK ] (—n/4, /D R
MARHETEZS 4377 3 IR B Eamp = 100p]/bit/m? , E,.,. =50n]/bit;
NAME R SHLUSEA=0, 001 BANSA IR ENE
24— Sink, Wil B384 K /MK 1kB, #E ALURP #
3 B X 3242 2 40m,

& Sink B BE V=15m/s, AAE KR HE R, S8
595 s8I H (800~1200) , 384T 100s, SE 1 W AR WM BEE &
2 P35 # (Packet Delivery Fraction, PDF) fRERER(Q ) , 45
Foamm 4 il 5 B,

ag

ot
085 e

B R J—
08 L S

[ «' e

» 078 - .

-1 07 // - 4

2 o5l 7 P —o ALURP

2 L = ARPMS

o -

B %L -

E o) -

0500 850 800 950 1000 1050 1100 150 1200

Nurmber of Nodes
B4 W ASE Mg B AR

ALURP #1 ARPMS 7E#(#% Sink (Y B B U REYF QIO
(F#:4 191 T



of-n oblivious transfer based on meeliece assumptions[ C] // Pro-
ceeding ISPEC’ 12, Proceedings of the 8th international confer-
ence on Information Security Practice and Experience. 2012;
144-157

[17] Parakh A. Oblivious Transfer Using Elliptic Curves [J]. Crypto-
logia, 2007,31(2) ;125-132

[18] Choi S G, Hwang K-W,Katz J, Secure Multi-Party Computation
of Boolean Circuits with Applications to Privacy in On-Line
Marketplaces{ C] // Topics in Cryptology-CT-RSA 2012, LNCS
7178. San Francisco, CA,USA,2012,416-432

(19 ERALEHT#E, XIRE. MERZBEH DT BEER,
2011,32(2).:125-130

(EE# 168 )

MERBARSEZE Sink §33 R R L Bk PLH] Btk
H1 & 4 BTE Y, BEETY s B i, B s BE o 30 (0. 0032
~0.0048) , & 1 PDF #BAHFI3% . {5 ARPMS 3% Ff i
B LG, Sink ZER S B W B2 RE BUEHUE, AT T
BICHRBENER B A ECBENAERRERY. ME
ARPMS R RMEREHLH] , 558 Sink A1 38 4 BEFERRE B T
AR B, ATt T PDF R,

8 ]

et o e e n

BOD BSO 900 950 1000 1050 1100 1150 1200
Number of Nodes

Energy Efficiency QQ)
- oW e o oo
i
it
oyt
Zx
[k

Bs5 WREEMEREEQ

fiE 5 7740, R ALURP ) PDF tEF ARPMS, {HH: 6k
FERCRHMBMQERRE) . XEHBT ALURP H1#) Sink R
Bt B S R X CEAR R 40m) , 315 AR 4 M9 ki A
B R, MR BERE E EARE, ATE # QEIRE.

BB RBE N 1200, RETAY Sink B #E V (6~
25m/s) ,i&47 100s, LW & P PDF A1 Q {H, &R 25
i 6 FE 7 B

08

= ==
=
& o7 -
4
& o ALURP
P N - ARPMS |4
£ S
2 065 S ]
] -~
’g 06 S~ -
& i .

058 10 5 i) %

Sinks Speed(m/s)
B 6 Sink MRS HDIER

f1E 6 7 %1, ALURP #9 PDF R BL3% Sink 2 R 1R
/N, T ARPMS R FA Byl B e DL 31, B Sink SEEBR &, Az
Bt j& Sink MBI A B RBER DA £ A ILIREBK
BER %%, AT & i PDF {8, T B ARPMS R F i 2 F 68 #E
R M IB LR T PDF R,

10

A
9 7
58 _/a//
, o
g -
£ -
= o o~ ALURP
egn 4 / -+ ARPMS|1
5 3
’ S
[} et
5 10 %

Sinks S‘:eed(m/s)
W7 Sink BEMERERQ

& 7 74, R4 ALURP & PDF {£F ARPMS, {BRiE
Sink 3% B 948 5, Sink 9T 3h 5 B3 ok, A 3 Bl n X

FBEERI N, & P2 BEREFEHE IR R, AT S B REREI R R B
HEQMEBKA). T ARPMS H1E Sink i 28 ¥ ) 6 3%
Sink P E5 8., 5 Sink B o EF T 6, fBFES Sink B EF W
BN, HICE R X BETF R R (QER/N.

HRIE RE—METHNEGIHE OB Sink WSN
R4 B B ML CARPMS) . £ ARPMS ', Sink R 7R s
BT R A SRR AR A TG A E 8, il Sink ##E
HIRBHE B B RER T AT AT B (D Sink A9 X4 BT 0Kk
8. BT Sink TFEFETBUIEMEER, NTTWE T KERE
FEFFH . REH ARG B B B (B2 1t Bt RO SR F J BB 2
BEHLE B9 ALURP 380 , ARPMS 15 I 5088 40 20 B 3k 3R Br
TrE BB FERRBERETA, KAt ALURP B EIFH
BERERFR(223%~462%0)

2 % X &

[1] Shah D, Shakkottai S. Oblivious routing with mobile fusion cen-
ters over a sensor network{ C]// Proceedings of 26th IEEE IN-
FOCOM. 2007:1541-1549

[2] Yu]J,Jeong E,Jeon G,et al. A dynamic multiagent-based local
update strategy for mobile sinks in wireless sensor networks
[J7. Proceedings of 11th international conference on computa-
tional science and its applications, 2011,6785(4):185-196

(3] &%, B Kl XAk, % BAEBE sink MELERIBMER
B o dr I [T, 8 5, 2012, 27(8) : 1211-1220

(4] 281,578, 30E, 4. BT B sink [ TLE BRI REH
EREF R BIEFR,2012,33(9):176-184

[5] Kim,] W,InJ S, Hur K, et al. An intelligent agent-based rou-
ting structure for mobile sinks in WSNs[J]. IEEE Transactions
on Consumer Electronics,2010,56(4):2310-2316

[61 Marta M,Cardei M. Improved sensor network lifetime with mul-
tiple mobile sinks[J]. Pervasive and Mobile Computing, 2009, 5
(5):542-555

[7] Luo J,Hubaux J P. Joint sink mobility and routing to maximize
the lifetime of wireless sensor networks: the case of constrained
mobility[ J]. TEEE/ACM Transactions on Networking, 2010,18
(3):871-884

[8] Han S W,Jeong I S,Kang S H. Low latency and energy efficient
routing tree for wireless sensor networks with multiple mobile
sinks[J]. Journal of Network and Computer Applications, 2013,
36(1):156-166

[97 Rao J,Biswas S. Analyzing multi-hop routing feasibility for sen~
sor data harvesting using mobile sinks{ J]. Journal of Parallel
and Distributed Computing,2012,72(6);764-777

[10] Li X, Yang J L,Nayak A, et al. Localized geographic routing to a
mobile sink with guaranteed delivery in sensor networks{J].
IEEE Journal on Selected Areas in Communications, 2012, 30
(9):1719-1729

[11] Wang G, Wang T, Jia W, et al, Adaptive location updates for
mobile sinks in wireless sensor networks[ J]. J Supercomput,
2009,47(2) :127-145

« 191 -



