2012-12-10 15:41
http://www.cnki.net/kcms/detail/11.2560.TP.20121210.1541.001.html

A2 1SSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software http://www.jos.org.cn
O [E B2 Bt AW S8BT AT A5 . Tel/Fax: +86-10-62562563

Tk B 58 4 T A5 3 Hh B MO KR I SE S RE R R
KA BT, RHAY hRreY

LSRR TR [ R TR A S 5 (M UK 2E), VLI Mt 210093)
2(F R HHENARESEARR LI Mal 210093)

S(HE RS WSS R YLIR M AT 210098)

Wik fE#: Tk A Hi, E-mail: zxw@hhu.edu.cn

SRS, BRI, A 0 785 R B TG 2 A s I 4 v A% 5 0 B0 00 50 A S S5 W O 9 Bk P 24
http://www.jos.org.cn/1000-9825/4349.htm

OB AR BEHIIEICE B (mobile data collectors, & 47 MDCs)#EATH & 5 F 45 B do 50348 6 I &, 7T A K 203
TRV A B B BE A A B kSRR AL, T A M A0 8L B SE R 445 4 s MDC B AR IR R AR R B 4K
1B RARIRSIE S L AT 8, B B A W T S SkAE 5| A2 80 B2 = R (energy  holes)vA B T & K Ak mR A9 A4E i dd 34
TS PR 5 R MDC 4945 Bt AL ) A% B 5 B BT R R AT IR TR A T B S B BB M R 09 R A
ReBPUGLEM R EE T I F R 6 — 27 69 K F MDC 69 Foik fn i £ £358 T MDC £ M 4448 3R,
Bw At S o @ R RS ARG AT T B R G s B 4 AT ST AE R B % F MDC #9AF R T &
SRR F BT ARG LR T M.

KB BAHIIBIE B R R WL F8 48,08 b R SRR iy

hEEHES: TP393 SCHEKARIRED: A

Research on Mobility-Assisted Data Gathering Strategies in WSNs

ZHANG Xi-Wei'?®, DAI Hai-Peng™?, XU Li-Jie™®, CHEN Gui-Hai"?

!(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210093, China)
?(Department of Computer Science and Technology, Nanjing University, Nanjing 210093, China)
®(Department of Computer and Information, HoHai University, Nanjing 210098, China)
Corresponding author: ZHANG Xi-Wei, E-mail: zxw@hhu.edu.cn

Abstract: Data gathering in wireless sensor networks by employing mobile data collectors (MDCs) can greatly reduce the relay hops
when the sensors transmit data to static base station, which prolongs the lifetime of whole network for the energy saving at sensors. To
avoid the energy holes incurred by multi-hop relaying among sensors, MDCs gather data from the sensors directly or some nodes buffered
data of other sensors. Furthermore, MDCs relay data from sensors to the base station when there no complete links between them due to
some sensors were invalidation. However, new challenges are aroused for the mobility of MDCs in data gathering which is different from
static wireless sensor networks. In this paper, we focus on the mobility-assisted data gathering strategies in wireless sensor networks.
Some current novel theories and algorithms for data gathering based on MDCs are reviewed, and the taxonomy is described. More
specifically, several typical algorithms and protocols are discussed in detail. In the end, advantages and disadvantages of the algorithms
are summarized. The open research issues in this field are also pointed out.
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Fig.1 Aclassic application of WSN-MDC
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SCHK [36,37] W G TR A% Bl Sink 1R — AN B R AL AL B i BE R AR AT SR T T AL I S R B
(sequential Monte Carlo) 7 VAT TR, 33X Fft 75 104 794/ Bl 5 00 s B ZE T Sink BI467 B AR KT fE
F W WG B E Sink 1 5 42 1] (mobility graph), \ MDC )24 5 £ B m] 400 R — AN B i T i B4 AT 4008
Sink 83l 7 X, % 7 B A R BRE.

3.2 MiTiEREN

MDC $4¢ J8 — i BB, LS Pt B A W9 28 R B 3l 7 5 4% K A AT 208 28 B NI AT I ROk, 1T LUt
WSN-MDC H {47 443 4 4 AN 71 :MDC K IL(MDC discovery). #h2A % ti(dynamic routing). %k /%% (data
transfer) LA K 47 4y $2 (motion control), i & 6 fif 7=,

Motion control APP and cross

(path and speed) layer
Data transfer Transport
(channel and protocol) P

Dyngmlc routing Network
(routing protocol)

MDC discovery PHY/MAC
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Fig.6 Layered model for WSN-MDC analysis
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RO 5 312 W A T el TR AR X X B FRATT A S A 3 AT TN WSN-MDC il EEAT 3 I 5¢.
321 MDC k.

MDC 4% 2 ik R b (] B 1 b & 32615 B (beacon), 24 A% JE 25 15 A 52 3815 Bl 31— M5 4, BRI A 5 MDC e
WA VO TR P9 LT R SE B R R o O T 2 R R AR IR AR T U EAT — I A A (duty-cycle). R I AR A T
YRR H B b T HEMRRZS, 6 I e 5 S (. — BRI Ta) J5 709 sl B R R A5 1, 24 el 31 Beacon Ji&, 7 sl i D 8 45 4R
A AT B 0 A5, 75 0 4k 2 e AR [5G, 75 22 MDC FIME [ 25 1) ) >R 56 o — i 7.

285 L T P 1) S T DA ESLR SR [ 285 14 7532 B39 4 a5 1) 71 i 4 ek 50 440 5 e P I IV AT A0 T AR K A 1Y
TG T A SR DN 7 B T 5 380 126 B 0 50 Mo R, e i DR R L Y 24 g et AR IR) 20 3 R i DA ST

o5 — KA P B U7 v AR AR 5 MDCHE I B AR AT T AF R FIMDC 3= 3y W B A% A% 59 S pL
A LUK FH 2B T-RFID (1 77 2, MDC 2 326 Rl i ¥ JEL, JHe v 0 5 11 Rk BB 68 WG 90 785 A5 I 28 19 i 0F 72 AR — A b
A8 136 B % A 1401 SCHR [41] SR % K 2 B0 22 T 38 R, I B 30 i i A 100 G 2 i D DA B 030 4 O low duty-
cyclelJ B 25 PRI, 40 2 256K e 12 119 D 2k v T Stedi B 1 2R beacon (s 55 2 1 T~ REFBEAL, BRI 26 v 45 15 %
TPEAE R NAE I 5 i 4 2 8] - 4K T4

A — 27 I G R AR SR T MDC B2k 4% I 25 1 I [R] 5. 24 MDC SR H [ 58 % 72 4% 3 s, 3L 7 ) 4% Jk
PR T R I TR LA R R A B T s R KR R 5 MDCAE L I [R] AT, LA TR MDC R — 7 E1 3 11 i
1711260, 24 MDC {11 8% 2 328 & Bt WL AR, U7 1) (R RE L AT 00 (03 o o U042 S 2 — JS AN A5 14, T B 5 T 1) 45 4t
IR, A SR 2% 15 A 0 2050 5 L SR N X A AR Ak SCRIR[6] 7 4% AR 719 s A 28 B LI duty-cycle. Bt I [] 43
2 AN IR AR A — AN TR R Il s A T U inl R O 8 A Fe O AT 3 30 i 38 4% (exponentially
weighted moving average filter, {& #REWMA) T 51 I 18] - (AL, IF4F b 1 2 duty-cyclefr ik 4.

3.2.2  Huilstkim

M MDC ¥4 BER T, H 5 — B3 Bl P R AL s 1 CEAT B0 3845 . 7% 20 M 45 B0 A% Sty SR P9 O T iR A2 4L
— &5 MDC A5 Y SO B o Fo e . i BAE AN R 02 MDC 5705 s 1A 125 7 07 b o5 A8 7 | b o A
ERCE R
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JRH i, I P 8t 25 2 S5 /N T i R B 10 B/, [0 B30 6 1) it g /0 130 9ty Ay A SRS 43 1) It
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minimize t, —t,
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AT ST S B, BERIE 507 18— XS 22 (R 100 SCHR[45] M 15— AN A% S 2 15 R R I A% i 45 2 4~ MDC 191
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A [ 0 % 470 3 R e DU S o /N (H MIDC A 253 R s R i 5 T s S 15 ) B 7).

AR , MDC I 3h 542 T LAS A [t 52 Bk (static trajectory) A1 5h A #Li2E (dynamic trajectory )i . 5 2
FEFEMDC— HAR AR PERE B R 58 T B 8 B 42 i 3 46 R 49 b b 32 3, A 1 i g 192 23290, 1y )5 2% L 5 4EMDC
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BRI 8 A B B AR 1 S, X AN A

LEIAT BIRER T AR 5 8l A& i 09 MDC da ) 7 X EZAT W R —Fp & MDC LU v(n] LU 203,
AT DL S22 5 ) 3 Y A (X 55— b 2 {5 - 14 (stop and communicate) 75 3. 1 24 MDC # H i {5 Y I, o
TRAT T  G AT EE AAL i I 2 B gk S AL i (Bh A8 % ) B FE MDC R — R BRI R & ,MDC K AE T A
A7 Y [ P9 15 11238 By, R 1 AT AR AR Y e B R 4 kBB ).

R S T AR —Fig 3l U7 2 SCHR[50]48 HY T — i nT AR 3 ) 4% 1l (adaptive speed control)
B3 MDC (1938 5 AR 3 A [R] DX 3k (1) 0 28 R J5E 3 47 4 1) 97 2E [X 15k (congested zone) i i A& g 15 fi AR 35 2R 11 X 45,
R MDC A I I AR 1) DXk, 5l 2 A 168 o A AR 2 1Y) DX

MDCHE 1 0 0175 90 N 38 L I TR) 5 AR 2 — AN interval, BB A4 4 AT 45 Bk —ANjob. & — N job 2 PR #%
I3 — AN NP g 4 ) 0O M4 5 3 1 VA et Rk L 40 3 AN B B R s B B (accel interval) e 1
B BX (plateau interval)F &t K ki B Bt (decel interval), & &l 7 fis. i & NS0 B4 R (1) ¥ 5147 jobikAT 41
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AL LA I 2 AT RARBETUA 78 B & 55 T A A, B 8 4T T WSN-MDC A %55 DRl 1 7 2K 5 45

Protocols and algorithms for WSN-MDC
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Fig.8 Protocols and algorithms for WSN-MDC: A taxonomy
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Fig.9 Routing updated incurred by Sink’s mobility
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Heths A% iR 2T & 1 (window-based) Y ARQMSL 44> & 1 tiw P message 1 — N ACKZH A, Wi & 10(b) i
R AL U 2T 46 A 2 (5] I 25 58 T S50 25 R B3, th T-MDCAg A s 1) B S B I () A2 4, R it e 2 — AN
N 1) A 5 ) R 3, W5 i message B9 FE R HE R Ty p(t+i-Ts). [ B, ACK Y B L MEE Jyp(t+w-Tg). — )&
WA, MDC IERI IS K B R, 1R E[R@®] =Y. TL- pt+i-Tg)]-[1- p(t+w-T,)] Kk, a1 MDC

5 AR AT W = LC D Jm 1,905 4 MDC & i B2 e 5 iy
(W+1)-T;
R=Y" Rt+i-(w+1)-To)|p -
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I BEFE AR A5 ) 24 MDC ) 352 IsF a] 2 A 50000 F Itk
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T e ke
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Fig.11 Spatial-Temporal correlation model in event detection

B1L SRR (I 23 AR SR Y
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Bl Fs 220 N U, 5 0T A S o B 9 U IR IR AT HR B, A6 ) H AR 2 4R MDC i LA S /s ) 4 52
JEATHE B AT FITHHE IS h (Dy, Dy, , Dy, oo D, ) T IOV 1) I 1A (T, T, T, T, UL BB /N JEE N
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i+l i

minimize max, <<y 4

5 WSN-MDC tHX# 3R LLER 5 R fE R B (a) 7

5.1 HXMRIIELLE
h T CA WIS BE AT A IR A B AT X A SO S 3 BT A A B S SR A OGS pE REEEA TR
B LR S R g LR 2.

Table 2 Summary of related works on MDC approache
#F 2 WSN-MDC Pl 5 S35 A K 1k 55 P g LU

: Problem Mobility model : Energy Metric of
Article Path  Speed (speed change) Multihop |~ #MDC efficiency Latency interest
DIRL™ Yes No (Given constant) No Single High High Latency

RD! Yes No (Given constant) Yes Single Moderate Low Energy
upclhd No No | (Given constant) Yes Single | Moderate High Reliability
McscHY Yes No (Given constant) Yes Multiple High Moderate Energy
Sencarl*”! Yes No (Given constant) Yes Single High Moderate Energy
pst2l Yes No (Given constant) Yes Multiple High Moderate Latency
DMS#] Yes Yes Variable Yes Single Moderate | Moderate Latency
MRME®! No No | (Given constant) No Single High High Reliability
MASPP Yes No | (Given constant) Yes Multiple | Moderate Low Reliability
MADG? Yes No | (Given constant) Yes Multiple High Low Energy
TTDD? Yes No | (Given constant) Yes Multiple High Low Energy
MILPE! Yes No | (Given constant) Yes Single | Moderate | Moderate | Energy
SideWinder®®! No No (Given constant) No Single Moderate Low Reliability
PQRE7 Yes No | (Given constant) No Single High Low Reliability
HAP[*! Yes No | (Given constant) No Multiple High High Reliability
DMS+5Y Yes  Yes Variable Yes Single | Moderate Low Latency
FRDPPY Yes No | (Given constant) No Single High High Latency

1) path: & 754 & MDC ) #6435

2) speed: & 75 #fi & MDC ¥ B

3) multihop: & 75 777 2 Bk 5 1 4.
5.2 ER{FREARHTE

AR WSN-MDC [F 5T LG T € 1R AHAS R AT AR 2 ) FL A g e, 2 B BAE Q1 L s
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(1) MHZ

TP R A BEAT 2 (456 MDC 1) WSN NS )5 T8 A ANAE (1, 45 o] B 2 ) U0 46 B e S Bt il 17
MDC. IS 3G o, T-HL. PDA S5 T-FF B A 8 FT T 28080 1) MDC o 2 A& s M 2 AL iz (5 Bt
75 D IR R AR S 22 R I L R RS IO A AR LR PR 8 0 45 I 000 H PP A )3 I 3 e 44
N B HIK) MDC 25 B 4%, (A5 X L2 B AT B I nT 58 A3 24

(2) M RENL

GPS ¥ &4 H g 7.1 MDC ¥ 88 1 A 32 B, AT LAY HBE & GPS 4% b4k, BT MDC 1 Wi — € M Bk 2%
&y, F A B AT o T 5 A4 A 2 T S5 AT LA 1 MDC o A% S 2% A AT S8 A, BRI, MDC 2k 1 A 5 o A ok
BTy ).

(3) REFEL LS

W 2% 1) e AL 5 B s AL B IEAF WSN-MDC HH 2 A B0 ST 0. TG 18 2 40 1 ) 2 B2 5K S Al Ak W0 2% e 4 318 2 4
SE S R W o NV BT E T SR E THEDLAT R BE AL B IS 55 B0 F 08 AR R —> NP il 4 o] &40 B A4 (1)
WSN-MDC 3 FH 5 F AT 201 532 5 Bl f 2 2 — M RAT & U .

(4) =&tk

MDC I WSN ey — AN 534 4% 111 T MDC B A3 M, BE I 47 7] B8 8% H 190 4 ol 33 A N I 4% 1
13 R P8 ) 2 PR BT T N 2 AN Z RIS A2 TRk, PEURFR M) PERe AT v etk 5 2 Jr R H A
I 1) 2 A 40t W5 70 43 2% DAY A i Jed R O 1 5 2 4 b, Ay AR TR0 J22 UK 0971 o) A DX 1) 2 4 5 2%
X5 TN AIE T T AR B AT8Ch 2> W, 2 AR 77 2L S OCE IE T 1.

(5) MDC [l

MDCI# 3l J7 25 B8 A0 L e 0 17 10 45 (1) B A4 1 AR 1T — S8 B B A 44 49 T N i 3h 49, 548 2y T4 15 70
1) J LT AN 52 4 ) BIASE A2 240 L N BE S e AT 00 338 58 558 5 IO 8 s 20 e A L PR ) AT PO 5k P 3 £
LR AR SR P 104 28 2k B B S MDC I s ) 7 3, A8 S B 630 TS B (K S 3 45

6 = %

AICERIR T JE S A I s 0 45 TR I N )y K WAC R 45 17 K 1D 19X 4 AP E T 1 PR DIE A el AL B 4 R R BL
WSN-MDC 156 (35T AR5 AR PR AT 58 B R BEAT I I I LA 44, 45 5 SR R O J PR 5 Pk e AT T AR
B FRATTIN R A5 35 TR WSN FIFL A A B AR 15T, WSN-MDC Honf % i B0 10H MDC # 245 il & A 5 2 (Mt
FUAHIENS MDC A HURUECH A% 4y (I ST AN UG IR N B0 TR S, i 2 S0 T 2 SN . A7 R i) WSN-MDC
I, AR A 0 50 55 W AT i S it

BOGH ARG TRAT ) 020 A SO 5 BB R L S DL N K R IR IO e B R B
SR N B AR 2L R K.

References:

[1] Akyildiz IF, Su W, Sankarasubramaniam Y, Cayirci E. Wireless sensor networks: A survey. Computer Networks, 2002,38(4):
393-422.

[2] Lian J, Naik K, Agnew G. Data capacity improvement of wireless sensor networks using non-uniform sensor distribution. Int’l
Journal of Distributed Sensor Networks, 2006,2(2):121-145.

[3] Olariu S, Stojmenovic I. Design guidelines for maximizing lifetime and avoiding energy holes in sensor networks with uniform
distribution and uniform reporting. In: Proc. of the IEEE INFOCOM. Barcelona, 2006. 1-12.

[4] Wang W, Srinivasan V, Chua KC. Trade-Offs between mobility and density for coverage in wireless sensor networks. In: Proc. of
the ACM MobiCom. Montreal, 2007. 39-50.



KRR 55 R RAE B3 P 44 75 ) H0-Bh 69 SR 3B MR R R R 15

[5]

[6]

[

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Dyo V, Mascolo C. Efficient node discovery in mobile wireless sensor networks. In: Proc. of the IEEE DCOSS. Santorini Island,
2008. 478-485.

Francesco DM, Shah K, Kumar M, Anastasi G. An adaptive strategy for energy-efficient data collection in sparse wireless sensor
networks. In: Proc. of the EWSN. Coimbra, 2010. 322-337.

Xing GL, Wang T, Jia WJ, Li M. Rendezvous design algorithms for wireless sensor networks with a mobile base station. In: Proc.
of the ACM MobiHoc. Hongkong, 2008. 231-240.

Kansal A, Somasundara AA, Jea DD, Srivastava MB, Estrin D. Intelligent fluid infrastructure for embedded networks. In: Proc. of
the ACM MobiSys. Boston, 2004. 111-124.

Shah RC, Roy S, Jain S, Brunette W. Data mules: Modeling a three-tier architecture for sparse sensor networks. In: Proc. of the
ACM SNPA. Alaska, 2003. 30—41.

Li ZJ, Li M, Wang JL, Cao ZC. Ubiquitous data collection for mobile users in wireless sensor networks. In: Proc. of the IEEE
INFOCOM. Shanghai, 2011. 2246-2254.

Luo J, Zhang Q, Wang D. Delay tolerant event collection for underground coal mine using mobile sinks. In: Proc. of the IEEE
IWQoS. South Carolina, 2009. 1-9.

Chebrolu K, Raman B, Mishra N, Valiveti PK, Kumar R. BriMon: A sensor network system for railway bridge monitoring. In: Proc.
of the ACM MobiSys. Colorado, 2008. 2—-14.

Akyildiz IF, Pompili D, Melodia T. Underwater acoustic sensor networks: Research challenges. Ad Hoc Networks (Elsevier), 2005,
3(3):257-279.

Dantu K, Rahimi M, Shah H, Babel S, Dhariwal A, Sukhatme GS. Robomote: Enabling mobility in sensor networks. In: Proc. of
the IEEE IPSN. Los Angeles, 2005. 404-4009.

Lymberopoulos D, Savvides A. Xyz: A motion-enabled, power aware sensor node platform for distributed sensor network
applications. In: Proc. of the IEEE IPSN. Los Angeles, 2005. 449-454.

Intanagonwiwat C, Govindan R, Estrin D, Heidemann J, Silva F. Directed diffusion for wireless sensor networking. IEEE/ACM
Trans. on Networking, 2003,11(1):2-14.

Pon R, Batalin MA, Gordon J, Kansal A, Liu D, Rahimi M, Shirachi L, Yu Y, Hansen M, Kaiser WJ, Srivastava M, Sukhatme G,
Estrin D. Networked infomechanical systems: A mobile embedded networked sensor platform. In: Proc. of the IEEE IPSN. Los
Angeles, 2005. 376-381.

Zhang XW, Chen GH. Energy-Efficient platform designed for SDMA applications in mobile wireless sensor networks. In: Proc. of
the IEEE WCNC. Cancun, 2011. 2089-2094.

Ma M, Yang YY. SenCar: An energy-efficient data gathering mechanism for large scale multihop sensor networks. IEEE Trans. on
Parallel and Distributed Systems, 2007,18(10):1476-1488.

Ammari H, Das S. Data dissemination to mobile sinks in wireless sensor networks: an information theoretic approach. In: Proc. of
the IEEE MASS. Washington, 2005. 305-314.

Zhang XW, Zhang LL. Optimizing energy-latency trade-off in wireless sensor networks with mobile element. In: Proc. of the IEEE
ICPADS. Shanghai, 2010. 534-541.

Basagni S, Carosi A, Melachrinoudis E, Petrioli C, Wang ZM. Controlled sink mobility for prolonging wireless sensor networks
lifetime. Wireless Networks, 2008,14(6):831-858.

Ryo S, Rajesh KG. Optimizing energy-latency trade-off in sensor networks with controlled mobility. In: Proc. of the IEEE
INFOCOM. Rio de Janeiro, 2009. 1398-1408.

Nesamony S, Vairamuthu MK, Orlowska ME. On optimal route of a calibrating mobile sink in a wireless sensor network. In: Proc.
of the IEEE INSS. Braunschweig, 2007. 61-64.

Gu Y, Bozdag D, Ekici E. Mobile element based differentiated message delivery inwireless sensor networks. In: Proc. of the IEEE
WoWMoM. Buffalo, 2006. 83-92.

Gao S, Zhang H, Das SK. Efficient data collection in wireless sensor networks with path-constrained mobile sinks. Mobile
Computing, 2011,4:592-608.



16

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[38]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Journal of Software #fF33k

Shi GT, Liao MH. Movement-Assisted data gathering scheme with load balancing for sensor networks. Journal of Software, 2007,
18(9):2235-2244 (in Chinese with English abstract). http://www.jos.org.cn/1010-9825/18/2235.htm

Luo J, Hubaux JP. Joint sink mobility and routing to maximize the lifetime of wireless sensor networks: The case of constrained
mobility. IEEE/ACM Trans. on Networking, 2010,18(3):871-884.

Xing G, Wang T, Xie Z, Jia W. Rendezvous planning in wireless sensor networks with mobile elements. IEEE Trans. on Mobile
Computing, 2008,7(12):1430-1443.

Gao S, Zhang HK. Optimal path selection for mobile sink in delay-guaranteed sensor networks. Journal of Electronics, 2011,39(4):
742-747 (in Chinese with English abstract).

He L, Pan JP, Xu JD. A progressive approach to reducing data collection latency in wireless sensor networks with mobile elements.
IEEE Trans. on Mobile Computing, 2012,27(4). http://doi.ieeecomputersociety.org/10.1109/TMC.2012.105

Vincze Z, Vass D, Vida R, Vidacs A, Telcs A. Adaptive sink mobility in event-driven densely deployed wireless sensor networks.
Ad Hoc & Sensor Wireless Networks, 2007,3(2-3):255-284.

Liang WF, Luo J, Xu X. Prolonging network lifetime via a controlled mobile sink in wireless sensor networks. In: Proc. of the
IEEE GlobeCom. Miami, 2010. 1-6.

Luo J, Panchard J, Piorkowski M, Grossglauser M, Hubaux JP. MobiRoute: Routing towards a mobile sink for improving lifetime
in sensor networks. In: Proc. of the IEEE DCOSS. San Francisco, 2006. 480—-497.

Baruah P, Urgaonkar R, Krishnamachari B. Learning-Enforced time domain routing to mobile sinks in wireless sensor fields. In:
Proc. of the IEEE LCN. Florida, 2004. 525-532.

Keally M, Zhou G, Xing G. Sidewinder: A predictive data forwarding protocol for mobile wireless sensor networks. In: Proc. of the
IEEE SECON. Rome, 2009. 1-9.

Kusy B, Lee H, Wicke M, Milosavljevic N, Guibas L. Predictive QoS routing to mobile sinks in wireless sensor networks. In: Proc.
of the ACM IPSN. San Francisco, 2009. 109-120.

Liu XX, Zhao H, Yang X, Li XL, Wang N. Trailing mobile sinks: A proactive data reporting protocol for wireless sensor networks.
In: Proc. of the IEEE MASS. San Francisco, 2010. 214-223.

Chakrabarti A, Sabharwal A, Aazhang B. Using predictable observer mobility for power efficient design of sensor networks. In:
Proc. of the ACM IPSN. Palo Alto, 2003. 129-145.

Ansari J, Pankin D, Mahonen P. Radio-Triggered wake-ups with addressing capabilities for extremely low power sensor network
applications. In: Proc. of the IEEE PIMRC. Cannes, 2008. 1-5.

Yang X, Vaidya N. A wakeup scheme for sensor networks: Achieving balance between energy saving and end-to-end delay. In:
Proc. of the IEEE RTAS. Toronto, 2004. 19-26.

Anastasi G, Conti M, Gregori E, Spagoni C, Valente G. Motes sensor networks in dynamic scenarios: An experimental study for
pervasive applications in urban environments. Int’l Journal of Ubiquitous Computing and Intelligence, 2007,1(1):9-16.

Anastasi G, Conti M, Monaldi E, Passarella A. An adaptive data-transfer protocol for sensor networks with data mules. In: Proc. of
the IEEE WoWMoM. Helsinki, 2007. 1-8.

Somasundara A, Kansal A, Jea D, Estrin D, Srivastava M. Controllably mobile infrastructure for low energy embedded networks.
IEEE Trans. on Mobile Computing, 2006,8(5):1536-1233.

Anastasi G, Borgia E, Conti M, Gregori E. A hybrid adaptive protocol for reliable data delivery in WSNs with multiple mobile
sinks. The Computer Journal, 2011,54(2):213-228.

Zhao M, Ma M, Yang YY. Mobile data gathering with space-division multiple access in wireless sensor networks. In: Proc. of the
IEEE INFOCOM. Phoenix, 2008. 1283-1291.

Melodia T, Pompili D, Akyildiz IF. Handling mobility in wireless sensor and actor networks. IEEE Trans. on Mobile Computing,
2010,9(2):160-173.

Tseng YC, Wang YC, Cheng KY, Hsieh YY. iMouse: An integrated mobile surveillance and wireless sensor system. IEEE
Computer, 2007,40(6):60-66.

Gao S, Zhang HK, Xu HS. Efficient data gathering approach in sensor networks with path-fixed sinks. Journal of Software, 2010,
21(1):147-162 (in Chinese with English abstract). http://www.jos.org.cn/1010-9825/21/147.htm



RAAE &M B P 52 108 69 B IR R AT R

17

[50] Sugihara R, Gupta RK. Optimal speed control of mobile node for data collection in sensor networks. IEEE Trans. on Mobile

Computing, 2010,9(1):127-139.

[51] Xu X, Luo J, Zhang Q. Delay tolerant event collection in sensor networks with mobile sink. In: Proc. of the IEEE Infocom. San

Diego, 2010. 1-9.

[52] Vlajic N, Stevanovic D, Spanogiannopoulos G. Strategies for improving performance of IEEE 802.15.4/ZigBee WSNs with path-

constrained mobile sink(s). Computer Communications, 2011,34(6):743-757.

M} o 325 5 STk

[27] H1 i BRI e AT I8 I 6% o B A 3T A 1O 3 B B B8 W B A X 4 244, 2007,18(9):2235-2244.  http://www.jos.org.cn/

1010-9825/18/2235.htm

[30] 0,5k 72 Ak N 4E 5% PR AL J 3% M 45 B Bl Sink 8428 3% % 7 V00T 78 HL T 2% 412, 2011,39(4):742-747.
[49] #BUb, 5K 22 BE AR MR AA .Sink BT [ 52 £ Ik A% 190 45 11 ve A H800E SR SR DL AR OPF 4 4, 2010,21(1):147-162. http://www.jos.org.cn/

1010-9825/21/147.htm

A Q977 —), T LA T PR, 32
BERF ST N TC 26 A% I 3 M 2% B8 Bh ML A
A, o4 28 Hh i) £

E-mail: zxw@hhu.edu.cn

B H5(1985—), 55 ik, T WS N
Bl 245 M 45, Ad Hoc 19 45.
E-mail: dhpphd2003@gmail.com

B FIAR(1983—), 5 M -1, £ TR ST A
TC L AL 183 I 4% ,Mesh [ 4%,
E-mail: ljxu83@gmail.com

MReRi8(1963—), U5 W L By W LA %
Ui, 2 LRI 5 U A 23 A7 5 AT V5 I 2%
R B ab B,

E-mail: gchen@nju.edu.cn



	1   MDC及其应用 
	2   WSN-MDC问题面临的挑战 
	3   WSN-MDC研究问题分类与现状 
	3.1   应用方式分类 
	3.1.1   延时容忍的WSN-MDC 
	3.1.2   实时传输的WSN-MDC 

	3.2   执行过程分类 
	3.2.1   MDC发现 
	3.2.2   数据传输 
	3.2.3   行为控制 

	4   典型的WSN-MDC算法与协议 
	4.1   综合能量与延时[7,23] 
	4.2   综合路由与代价[10] 
	4.3   综合节点发现与数据传输[6,44] 
	4.4   综合时空相关性与调度[51] 

	5   WSN-MDC相关研究比较与亟待解决的问题 
	5.1   相关研究工作比较 
	5.2   亟待解决的问题 

	6   总  结 


