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Abstract Data collection is one of the hot topics in wireless sensor networks. In traditional wireless
sensor networks, those sensor nodes near the sink will deplete their energy prematurely for
forwarding data sensed by both themselves and other nodes, which becomes the energy bottleneck and
shortens the lifetime of whole networks. To save the energy of sensors in the wireless sensor
networks, mobility elements are introduced to collect data in a lot of research work since their energy
can be replenished because of mobility. However, the velocity of the mobile elements is slow, which
may lead to long data collection delay. To address this problem, the problem of how to maximize the
network lifetime while guaranteeing the data collection delay being less than a certain value has
become a hot topic. In this paper. we investigate this kind of delay-constrained data collection
methods with mobile elements in detail. We first sum up the characteristics of the delay-constrained
mobile data collection methods via a novel classification. These methods are compared with each other
according to a serial of key parameters. Moreover, we analyze the advantages, disadvantages and the
application scope of these methods, summarize the main problems to be addressed, and further point

out the future outlook on the research and application directions.
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DA Gt AT Uy 1) U5 (0] A 219 s i 4 B B T
2 M UL . R S B Y R B R TR ) B8 SR
SR IF H A % 1 sub-sink 78 5 3 38 15 9 F A
IR 2 75 REH H A7 1 B TR SE A
U 9 A P 285 A i B R AR AR BSCB WACHE B R 1
L SCHR[33-34 143 48t T n B TE B (0 -orbit
model, NOM) # 1 J& T30 R 5 %) J7 i (rende-
zvous-based approach, RBA). NOM ¥4 ¥ £&% [X 3§ ]
O3 R AL BR G R, B T I A i T RORE SR 4R 31 Y KR
38 1ok 22 Bk 7 2 T 2 Sk TN R O TR B R il Y R
JITAE 1 (8] B0 % 5l I Wi 5 a2 05 v n 0 2 R
ZA TRl L BB A 0 45 A Wi R A R RN R AR B
TR AL o R B Y R B R AR R R A
RBA b, 5 g 4 A 8 A5 B 2H IR 45 4 Ho 4
HE R B R B 3 A% Bl B A T 1 Y 2 AN Y R
FOPE R T A O /INBE A HG 5 3 3 7% ) 9 A2 B B 1Y
BRI HG . B 2 SCrp BUAR SR T 7R BE AR I SE
2Z (B BT 0] A AFL I A % ) SE B AT 0 T
Kinalis % A2 1S5 &80 R 4 7 % A [
Fo A AN G B, 4 1 T 5 T B A e A 8y
i (biased sink mobility with adaptive stop times,
BSMAST) , Bl # 3l 70 &K 7 £l >R 28 R R 301 st
AR AL IE YRR AT AR 2 AR D) AR T
RO 4 0 A 5 2) ik il 457 B I () A A . IR0 2% DX
R 53 9 15 i 7 1) O A i sl LR TE AR < 9 A% 1) e
DL E RN, X TAE A v, 2 L5l 78 5l 3] L4
S DA e i o AT BE AU RIE N 1, 5 B8 Bl 1Y s
T RIAE w0 X T BT B RIAS 0, 4 (uso) € ELE
Creigh (u) = ch, (10)

Horfro e, BRG] A% o B UERC UG 25 7 1) 19 A
v LR N
po = (1 —c,/couan () [(deg, — 1), (11
Horbrodeg, S AR (10 40 J 190 A% B30, 5k 3l 76 ) A% o i1
5% B N ) 38 0o 5 A A9 BB R A . 2% P Y R BE
ol
Eoa =pXSXe =
1 X @ X Tioa stop X Enge T Eigre s (12)
Horbr, o I MZ8 R 08 BE L S Ry I 45 XY T AR e
N A RE R n T RSB o O Bl R AR
AR E o A WUR FAALEE B BEFE s Torat wop H B Y15
s E] s E AT 5055 RN H B 09 BEFE , HnT 3l 4
Ea. = n X Ty X eiqe =
n X e X (Tam — Tiowlsiop) (13)

SR H e T 5023 RN B B A BE FE B R )
il T 19 46 ey S 45 B2 ) 1]
_ ‘O><5><€i_eld1(‘ X n X Tsum

T ot stop 14
L nX X E.,—eq Xn (v
RV FEAT T 5, W — 58 1945 B3 B R Ry
Tsmp?mund = Tlol;\lismp/r ’ (15)
D) 56 355 A B A A R A 1 3 R £5E B B TR R
L (16)

Horon, 9P @ AR SR AR ZR S B IR T
o 2 T T R RS SR AR T AR A I L 5 6 EP 5
TR A R+ ELAS 52 19 2% 1 1 ) B IR e A R
el S P 45 B I TR IS R R T 4% rR R Y S BE
L 1B 5 A B TN REAE i PR T AR T
L.

o Sensor n Sink @ Grid Center €<—> Fixed Path

Fig. 5 The example of moving along the fixed path
K5 e PUE R 3R A

155 T BUIE % 3h i Kot e B 07 X0 SCiEk[31-
32 I3 H I AE RS 3l 0 3R 3 15 F Y 91 0 R 4k el
sub-sink 7 5 1) B ARAR G L€ T B0 e O 1
At A 2 1) HoAl T 19 B . SCHR32-33 4t B9 35 5
A R A R AR ] 1 J7 I AR AR AN AT S SE PR T
T SCHRL 35 100 25 8 119 i B4 SR 4 3 R AN [A] 14 1
B JX2ET7 ik BAR T LUAR G 3t T 1) 2% f) P B B4
M IO ) 2 BT AFLE o A I 45 B 05 F B PR T
— 7 A QSR 45 BT Ak B B85 5 T A 2% L U B e
Bl TAR AN 5 58 i I BB 2 5) 52 3R 8 I = A8
PR R o SR B BUIE K AR R R A R 250K 2

2) TR shaE B otk

15 JCA% 2 BUIE B R e S 7 b AR 3l on R
AR T LA I 45 v A A o7 L H A A O E
B A BRI — e 3ot R By S L B AR E S B U
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X SR PRAR RS 2l L F AR AN B A I ) ) ek T A AR
A,

R TR ECAE W B T 8 Al 1 o3 NS B B AR A
A i) et Sk (36 4 H J 300 1k 90 2R A0 B 4l i 4R
(periodic rendezvous data collection, PRDC) [n] 5.
R 72 S 715 o5 BT A8 1 DX 3 DA K A 1 A% Bl i AR iR AT
At . 7 8 T R U & e 2 B AR Sl AT B IR
Sl 5 SR A 558 R P A Sk Y A IR AT B T R
T IR KT ARG BE A0 I AT BE SRR BE T
SCHR L7 [ A Ao T A3 R 000 245, 4 1 66 T3 [ 29 o
Y 73 3% B ¥ (range constrained clustering, RCC),
FEH B 1 JC £ £ B g J7 %25 BN AE WSN i
e ) 7 1R O OC HHE Wi A R B A
PO 5 - 09 S8 ok A 1) T ORE B A% 326 4 Bk
R R BRI WA R A A A RV A RE R AT HUE U
8 A 75 B Sl I s R Y 1 O

Almi’ani 2 A58 1642 008 ) 5040 42 Ry 46k
LK) 0] B8 (integer linear programming, ILP), 2 H
T Tecut Ml Tpac PR k. 174 02 5 #8281 5 1 9 B%
o AR DR UE KA 56 B ME R R4 T A B i 48 R A 5 I
R ST B B Y AR SRS AT I A R R Y AT
P& BTN ATE Z (91 m B BB USCEE B T A T A
R 46 BB . H 2 S B R 0 2% 7 A R BT R 8 4
SR I H A AT AT B A 3 7E 30 S P AR M 2

HE T O B Wi 4R A% 1Y RS Sl AR R SRR HE AT AR
A6, SCHR 39 14 1 7 3k 7Y 0 iy 0 9 e 46 7 1%
(convex hull based data collection, CHBDC) ,iZ
T MR ) 245 8 A 235 g e o Fe W0 1 19 R U7 TR) Y AR
JGLR6 75 B H AL gh U A o AR e AT LA . IR R
PR AR A 4 190 25 g 8 B R g B A2

T3 — B85 A ER 3 R HOE W A (data
collection point, DCP)M**, 3 Filt FUAE A] LUK A5 &R
W EE 5 & 2 DCP HE1T A7, SRR R 8h 1 sl 4k
Bt SCHRL40 4 Hh il 22 Bk R 1 /4 7 gl a4k
J5 % (data collection point based mobile data gathering
scheme with relay hop constraint, DCP-MDGS-RHC)
TEREAE AN AE 22 [8) S 4 47 vh . 2% [ 3] i) %€ v) 8T, DCP
B AR BL il B3 1 1 SOOF B B I 225 75 08 3 M 4%
Az i B A ) 88, DCP ORI T 9 715 I 78 3820 1 ik 4
N 52 OB A% . 55 SCHRCA0 JAR L, SCHRC41 48 1
BT T A %5 W 4R 7 vk (location prediction
based data gathering using a mobile sink, LPDGMS).
TR R 53 Sy A4 A DI Rk A 1) 2% e fi [
Jz g, B B A N AS(— 3 E N 4 A%

BODCP. 3 i i i i B[] 2 of T 3 ol (9 007 8 2
b o dd 3 22 Bk e R K B 3 B il Ry B3 Gk
DCP b #1785 52 4. %07 s KRR 3 1 T3/ i
25 T, 2 0 24 DX R IR A0 WA I A 2 A D R
H W25 7 B AN s BEAE 2 3G . 5 SCHR[41 1A [W)
Bt A2, SCHER[42 4 B B9 CTP(common turning point) J5
i B8 g BL ki (1) DCP AN I 52 BR 719 505 170 2 75 AH 48
AR5 Sk T s 2 b DL R BR324 2 ik ol % 5 A2
SCHRLA3 T3 Tt i 3 T 4% 8l Bk i (0 A RACECHE Wi 4R T ik
(efficient data collection using mobile sink, EDC-MS)
T ARAIE DCP 22 77 1) £ 45 RE 42 8 52 A 2 Bkl 1 2%
RPN R iy 2 NS R € o S N R | N S
7% B8 T B (41 S B BRIV IS SiE 2SR B 1 B &
DESe i e Bl L 5 AE T R S 19 3% 3 52
T EE AR E T T U SO I SR SOk R Kk
.

SCHRL A4 1455 73 2 i i A sl XHCHE Wi B 42 0
TIRA N BHE WA J7 1 (node density based clustering
and mobile collection, NDCMC). H: 3k £ 48 & 7 15,
B W AR R K T B AR SR TSP J5 v ML &I
% ) [ 28 ok 3l Py 5 Sk 77T Al E ) A 1 B AR
¥ gl iy i B rh BE A5 L HEAT B4 AR BT R Bt
VHs(virtual heads). 57 i ¥ o 4 21| (9 B4l 5% & )
iz ) CHs 3 VHS, >4 5L 8 3y 31) H Bl i i i 42
H A WBHR . %07 1 1 i 102 78 JEAT 75 Sk ik £ )
IR 2T R B XA 1 s A B AR 1 X
o e PR 22 MR S T R N T R A RS Bl AR

TETCH 3l s 1Y Bos g Jr b, 3 SR
B K 2 75 25k K 4y DCP sl Sk 77 o5, B e 7 k1
FAT IR 5 B S R 1) BE B T A Ry X 2% ) O L 9
A ARAS - figp the 0 28 B 7 [ g
3.3 HEBHBEUEFKX

HE A B W 48 0 S AN Tm) 2 25 78 3l B Ui 4R
Jr Al 3ok 3 R A . S BUIE WO AR W sh BUE W AR
FHR BHARE. D Fah BRI E R B I TR £
B A% 2 B Y A W AR K A R T R DLk T
B 8l 0 R 5 R Bde L AR R B b AR T R e
& REAE DT AE A T ) 208 A i 30 5 2) B 3 SO HE Wi B 2
8757 i i 22 Bk 7 2 1) A% 3l o0 3K B B3k 07 B
KRG  H BRI AT BB B e R L i TR R
ARG K T8 R W 3 3 Bl sh B gk f
UE T8 /N B B SEAH 23 38 0 BE#E 5 3) 1R & R0 I &R 2
T OB SR B BRI DL 2k Oy U e 2 I 4 il 2R
W RIEATEA BB u R AR SR g B X SR
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FUAE W B B L ax b Oy =i B 32 g I B AN ek sl i R
AP
3.3.1 EhFIEUE

S S S B R T7 30T Y 32 sl B gl O =X
SR B C R R 3 B A LR Bk A Oy 2 R I
s X bR E 8 Jr 2T RL R R Ak b s /b 1 45 fiE
FE o JE A W 26 2E i 0 ER th TR S e R B 3 2 4
AN A B B DR Ot 2 S SRR WA I SE AROR
AR Tl 12 52 AP S R e 1 ) 4 5 5K

FIER N SR EER LA R RN ER,
SCHRL45 ] 52 Y 7 56 T 8l 2 80k w Rl 5y O B2 O ik
(mobile element scheduling with dynamic deadlines,
MESDD). S s B4 15 i 22 77 75 1 AR >R 4 1 R
e Vs ] 4801k i 8] 9 Pk 52 K D5 ) 1 5 5 Y
H AR 1) J5 5715 a5 1 U T 800k B ) 22 5 b 4
T2 B e N AU IR IBUT 9 75 15 - EDF Cearliest
deadline first with k-look ahead) Fl MWSF (minimum
weight sum first). P45 i 77 i 20 il — > 3 3 1T, 39
L BB B T AN RS cost, ., s costy; R
AR R S B B A s I E). DL,
PN T AT R B A I AE ) 5 O T S A
R B R] O, Fis ) i (8] 3 25 Je s, B

DL, = T.. +0OT,, an

Horp DL, SR 58 i WS WA L T, R 2 i U5
] Bt ). 4% %% EDF with &-look ahead F 3R A8 &
X FAEERIF IR HT & A SR 1 AUy 8,
A5 B AT 2 ik FLA 1k B ] HLAS k41 A5 A
(14 U5 [ [0 g5 5, 45 30 09 D7 18] )5 80 Fh B 26 1 A0 6
YERT — A5 )15 s, IF HAR 4 2 (17D 3058 Ak
I T) S X 7 J5 21 5 AT A ) g 45 4. T MW SE 55
T2 D) 3 531 2465 Tk SEE 0 5 1) A — S A 3 5 LA
ANEYT SR TR — AU H R A U

W, =pX(DL,—T..)+{—p) Xcost,;s (18)
Forb s S YA IEAE VS R L 3K R 7 125 Y il S
B vy R s H0 U A% i v SR N A2 R R AT
€& S S I G B Ve S T e R S S e o
B8 gy 1M FE R i REHE

YT K 2250 % TE WA ) 465 B FE F 45 R 7% 30 %
fRz a4 b, i SCHR[46-49 45, DL HCRE 7E 1
FE B IE S SR R B RS A K O 2% A i ] 4.

AR SC R Y F B AR SCER 46 182 T
I35 L 5k 5 1k (data mule path planning
optimization, DMPPO). HB#7 75 T M 45 45 5 Rl 4%
AE 1 A I B 1 5 3 D S T e R A Y L B

T YT B i 1) S A AR B Y A S R T B AS T AT
B, AR 6 Jir . [E)RE I T U { VB A SR
[47]. SCHREA8 42 t ik T 3 28 1Y 33t 1% 55 1% (balanced
standard deviation algorithm, BSDA). B 4E 48 #& &2
B (clustering algorithm) 5 W 2% 43 hy 5% IR 45
o, IR A PN 1 ) T A A DX D A B
W £ A U0 28 3ok 3 2 i e Wi B Al B AT ] N T
F 3 LLA(look-ahead locating algorithm) 3 45 45 1%
. I D7 VR Y i AR A 25 IR Rl DR e B
W R 50 (R I B AR i A W B 5 P A B Je A
IR [B] KRl B SE AR N 3 T S I R A 1Y
M. Gu 58 TR SCHERLA9 b 20 A 1 Bk 3k 7% 3
P I H IS S 25 o) HR 4 i I SE Y 5, O 4R A
e g7 %% ESWC (efficient scheduling for the mobile
sink in wireless sensor network with delay constraint)
RACAC L B sh B4, B L R 256 F 1B T il
I SE FBEFE AR 2 P K

/’ Sa
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(a) Data mule only need movesto B (b) Data mule must move to C

[l DataMule —> Moving Direction |ﬁ Sensor Node

Fig. 6 The diagram of path planning influenced by the
power

6 DA B I T AR MR R

Tashtarian % A5 $2 1y 7 56 F 5 040 09 25080 0k
G072, T S AR B FAE I AR E B AR 2R
AP s oy 0] B ). B 0 SC B4R Y T T R SR AR 1Y
Fy: ODT (optimal deadline-based trajectory) 3 #ff
B B A, SCHERLS T WF 9T 1 B A f /s Ak ) 7
DLMP (delivery latency minimization problem). {E
FEW] DLMP J& NP xfin] i, 3 42 2 408 kXA
#: (substitution heuristic algorithm, SHA). FAR #§
PEAR 80 Y 30 A PR A 3 R b AR A Y i
DU, FH 5 A Y0 Bl S b R AR 1 A DL 4
Bl ) PR ARAC BT Bl R TS R N ) A A R
H O ) 2 n BRI Bk 1 JT 8 3 e s PRI mT 9
JRE 1 22

T AW TR I 2 s oo R W REAR 4
b AR ECHE Wi 4R B B, SCHR[53-54 4 th T 56T
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LB ) — M B /N A BB B A2 D 1k AR B (general
minimum spanning tree with neighborhood, GMSTN).
SCHRETXF 2 R B0 o0 4t 2 S dR LAl 1) . 1) £k
o HOA Al B A S AR E fE (R A
TSPN [a]/8) 5 2) £ 48 97 5 BE i #8 T DL 5 Jk il 3 {5
(R 2-PCPN [R)80) . i i 2 BEAT 43 B X0 9
A DX 30T RE S 5 A W) Bdi 97 - U7 n). SCik (55 ]
BT 14 I A2 J8% 0 B30 Wi B U5 ¥ (latency-aware data
acquisition, LA-DA) W 3% [n) B g B ok £ 1 1 1k
7] . Alomari 45 A 3 1) T B B9 45 50 AR 91 3 A
(closest rendezvous points, CRPs) & # st &
P ol Az HOARE B T L 5L 1 TSP 42 ML
& CRPs U5 RIY AEH W H R T ZH I TR
CRPs 53 I UE WA ] 22 3% 3 oo 3R RE 0% [ A &4l i
SIS 3E.

AR TEAL N TR 5] A 24 H 5 o0 R REAR 4 M
FEARECE WO AR I SE . 5 Ah — S22 25 2 R B R B T R
F gl id B o on] BE AN RE K 5 5 R B2 AF 19 B A ARl
B DR T 45 A R A L BT 0 2% v 3 2 6
15 5 53 I I ) S DAY o B 68 52 ORUHE 19 32

Sugihara 55 A5 K 4 e 4R o B8 2 Ak Al
A7 B AN BT 8] 24 B9 A 55 8 B ] 0 DMS (data mule
scheduling). SCHHE Y 3 4> 7 ] 85 . P& A% 8 4% L ol &
P AT 55 R B2 L O 0z TR & X 0T 0 B ok s A A
BRI 7. Bose B I BT IR) AT R AT 4L
P W R S I SEATY SRR, SCHRL 58 T4 ) Sk 3R 25 2 4% 5l
P F Y (delay tolerant mobile sink model, DT-
MSM) AEJE LB AT 45 5 72 55w 45 5 1 8] A9 4K 35
BCBCTHAH N B AR . SCRRLS9 I SCHRESS b iy
B A7 A A, 32 T o A Xk DALM-DT
(distributed algorithm for lifetime maximization) ,
FLBETE T A SR o o Rl 19 457 B B () Ry S R 4
e e ) B A L (H R AR B R i 1) 7% Sl i [) AT L) 22
W T 52 B 37 5t v T ik A% 3l R AT B PRt R
I I) o AR Y L L Sk (60 1t T8 A& U5k
TEFSTS(trajectory finding and sojourn time sched-
uling) , 45 Y% ACAT 28T A4 45 5 A4S BRI 8] 5F
PN EE vk B S Bl rh . 8RR TR R Uk HARETS 2
Jry R B A 4 R A5 R B AR B on R T LA AR
AR e T RO Y R

SCHRL61 4 1 38 T T A R 35 6 %5 B8 1 Oy i
DAWN (density adaptive routing with node deadline
awareness). B30 R ARG W A R E I E £
/U B5CHIE TR AT WO 7y A5 410 K A A L 7 L I AE

PR 58 A 5 He v % 07 R R B R AE T AU R T
TR BE S TV A R I 4% v JH A 1) B A R 2R

TE3X B W 4R O b, SCiHR[46, 50, 57 TR &)
ol JC R (1 45 LLH L RE 08 7% 20 3 B A5 R Ak B %
WSO S & 3k b O T R A /N 1) I 8% e i A2
S (R E SR AL I 465 1 RS8R D) G I S 25 A
K. SCHR[56 155 Hh 3 A9 I 2R 05 A JEL AR BB AR 47 M Ao
PRX A [R), B 8ot R H oy 205 R 3R St ) LI
AR B HE A 0 29 T R A 3 1 A% RROHE L HL R R R i
BT AR AR T BRI E. 55 Ah, STk
[52-56 Jrh it th iy i F 2 A # 3 ou &5 1Y 7 iE W BB 7
—E P X A R 53 Ah 2 R B ot R 51 A
1 1 25 HA R SR I 4 e k.
3.3.2  BEEBIE I

BAS T s B s s Iy 2T 1 Bk sl Aot Wik Uy X
SR SR BIEE S5 RS RS BT R 9 sh ML A
P85 38 i 2 Bk U R B0 Bl on R KRR
A7 R W AR T 2R A8 AR g I A S0l i 4R
FRFSE , fHL S ) 4 e 9 1 5 R T ) 2% 119 4 Jmy o
L o DR I X R R R R R

% 6 3] I SE 0 ) 2% £ i 1 B [ R, SCHRL62 )48
Hh T e KA 2 I 4 A 45 A4 i 1 1R)  (maximum
tolerant delay and the network lifetime, MTDNL) , H
e I 24 v T FRATRE T A DLIX ST 5O AR Y R0
B JEE T 2 B AR 5 4. Sy T DR IE AR T R B I Y
RS IRy P 25 P RE )RR B, SR AR B IR R )
SR TN B T BRI A SR L BT BE R 45 A AR T g
10 /b ol 5 A 2 TR s Rl
3.3.3 IRAEIEIE

TR A B WA B 2 4 E — 5 1Y I 285 45 1 ARtk
GERG ARG R L A% S5 R T ASORE R A B Y B
it 22 Wk e 2 TSR A CHNAR AR A 5 L Sk 1 s 58
G 25IDIvE S CIRIIE S X R €11 & Y W

SCHRL63 148 th 1 i i Ot Ak J7 % MR-CSS (mul-
tirate combine skip substitute). B 4515 2 & 3 B
TSP 4%, 88 Ja AR 4l A 7] 1 o 232 2l A8 38 B fi A%
PUAE RS 5l s 422 fe A1

TR R A W SR B A ST AR AH DG 5R
F14) i JEL I 2 A P AT RE R RN 47 o A 20 1 S R IR B
Prefr, W SCHk[64-66 1%, Zhang % A £ 3 e /M b
HE 3 FI B #E (min-energy min-latency, MEML) [r]
R 55 G 2R U ORI RS Bl B AR 14 10 A R 22 A I S
LIREFE, $ 2k T AR RS0 B% AR 1 £ 58 1% (probabi-
listic path selection algorithm, PPSA). H R #5545
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W AR SR 7 [R) A8E 56 R S 7% 3l B AR i R MR SRR
B, Rao 55 N HE 1 36 F N 2% B Bh 10 B8 i 4R
J7 1 (network-assisted data collection, NADC) 43
B T BEFE S B SIE Xof 5 3l 7% 2y (% A2 6 5 0 52 ), 4 1
THTF ke SV TSHO BRI o A B AR BE B 7 k.
0 AR 25 il AN RSB S0 Bl P T 3 > 45 B 5 Bl
JE VAT S W SRR IR A A, SCHR66 142 1 TR T
AL R AR M 48 2R P B 9 5301 (genetic algorithm
with assistance of local searches, GAALS). # 3Ly
FUFI AR W48 8 18 G 38 15 W F B A #% 3l g A2
B WO A VR A B A AR U n) 5 Sk 1 S AR B
3 3 IR ) 308 75 R 174 % R AR IO 4% 8 AP Ol 20 7 Sk 3
ST E B AR T T TR R 2 B L R B R S
BRL67 46 1 1 3% T I AU 3R B4 19 7 7 (weighted
rendezvous planning, WRP) , H.7E 25 & B ZE 53R PN
SRS B 0 L AL Bl B AR DA 2D I 4 v B8 1 22 Bk
R o T T ARG D 4% B AR 12 SC TP 2 T s AR R ik
PEIC IR A B I 5 7 S I R] P9 SR 4R 1 B dE
e I B B Bl B AR B R i Bk AR ) SR AR AR
B, YH Bl FE AR I AET BT SR AT AR B AR A
ISR B TR B . 3% 7 VR AR i b Y T /)
PG ey Fof S SRR AR 7 L2 > 0 4% 3 T A R AT
SR CAFAE A A ), AT 4 i A 22

(O Common Sensor Node
--» Mobile Agent Path
@ Cluster

/\  Mobile Agnet

Fig. 7 Mobile data collocation in 2-hop based on cluster
network
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fdt 1 28 50 50 R 1 J7 1 — PRI AS W7 b 81 451>
B 3h 70 % BN BUHE 9% A7 2 AR B0a - B0 2 1 A A
Bah ot R Mot M4 h 1 A48 R B e gk L
T 253 15 Bk B A Wi 4R U5 1 (self-organization
clustering algorithm region data collection, SOC-
RO 4 I 45 v (19715 8040 9 7 Sk 15 i i 42 31 4

i J5 ) w2 360 SR AR Bl AR R 1 R AR B
I RH L A A 1 K Al A A R WA AR Kl .tk 7 O
R EOR B A0 TR B R E AR . SOk
L70-71 14t 3 J2 i P A 2K 30 die 5 07 125 Chierar-
chical and cooperative data-gathering, HiCoDG).
1£ HiCoDG A7 2 MR hou R AT A B UME %
SR W 4E %8 (mobile collector, MC) 1% 3 P 4k
(mobile relay, MR). [ &% 5 1 35 5 %% 43 b A [6] 19
A E 1A MC fsg Bds gk . MR g 191975 1)
[ 26 v i S 1 B B A B S MPs(meeting points) , &
iZ A B MC ] LA ) MR 52 A 58 2 19 Bl 1% 3
P i T UME R s 8 B J5 2k (cooperative movement
scheduling, CMS) , H: g Z5 i #8 & MR #1 MC 1 #%
2 K B sl AR AT [ I 21 5k MP Ak 4 90 47 B4
SEAT LT BE S TR B /N 1 H A I A 0 A )
ZRREAE  (ER BE L BAS 53 52, 78 MP b B AT — 5 Y
FREAEE. 7€ Joy FNT RN TR TR
M7 SR W £E (efficient data collection using mobile
elements, EDC-MEs) & it £ 32 5 42 25 F JH TSP
S e AL Bh PR ARTE H AR 43 DA 58 BUR — 2 % 3k 7Y
SRR R 207 5 1 i U B IR 2 ik
B AR5 B L

FIANZADBIITLRG . BB ILR AT LR
BT AR DX AN 5 A A W 4835 N R 5L JF
HAANB e R v LU B PR DLERAS T4 1 3508
B R ESHE U 4R B E Y AL b o TR AR R IE ) 4%
Az i 3 B R I 4% Pk e SCHRL73-75 4% T AE AR
B 0 255 v, A v B R 22 KT R JELAEL

FF R 25 2 00 AR 78 LBC-MU (load balanced
clustering and MIMO uploading)""*? Fil LBC-DDU (load
balanced clustering and dual data uploading)'™ dr,
VT S T R 9 A5 LA Sk A BRI Wi B A 2 R 3 2
2K 0B 8 Fr . A8 R B A 2 6 B A
2 LBC XF 4 sk A7 o0 i, AR B vp e 45 2 1 Sk
A DA 9 8, TR R Sk J2 0 O B R Sk Y Y
15 90 Bl PR TR 18] %2 3 . H 2 FLBS T 3k A0 8
R 25 4. J7 % BEDA-SC (distributed algorithm
based energy with speed control) ' [a] £ 78 #% 1%
BT AL R PR R R AR Z W 2 AT
FAE B Sk %07 B0 B 2 A A T TR N OC 1 # Bl
T 2R Y 4 1) e AR G ORI T W O 1Y 52
e 1 R AT S

VB 22 1 S 71 S SEVARUAR B b X 4 1 I 5%
B IER T WA . 5 — I R AE M 4 h
FRATFHE 2 AN SCHRL76-78 4.
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Cluster Head Layer

Sensor Layer

O Sensor [] PollingPoint @ Cluster Head [ SenCar

Fig. 8 Data collocation based on three layer structure

K8 3 ZAMBETT AR sk
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Table 1 Characteristics of the Random Moving Methods
x1 BENBEHHEEUREFXER

Method Mobile Number of Data Network Exist Need Number of Deadline
ethe Element Mobile Elements Fusion Structure Multihop Location Deadline Trait
RGDG24] Sink Multiple Yes Grid/ Tree Yes Yes
FMDPL?5] Collector Single No Normal No No
WESLz6] Collector Multiple No Normal Yes No
CBDG-?" Sensor Multiple No Normal Yes No Single Static
EAR2[28] Sink Single No Normal Yes Yes
EGsl2) Sink Single No Grid Yes Yes Single Static
DRADG!30] Sensor Multiple No Normal Yes Yes
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Table 2 Characteristics of the Fixed Moving Path Methods
®2 EEREBEIBHEBREFRNFS

Method Mobile Move Number of Data Network Exist Need Number of  Deadline
Element Track Mobile Element  Fusion Structure ~ Multihop Location Deadline Trait
DSR&.DTRE3U Collector Exist Single No Normal Yes Yes Multiple Static
VNP(32] Sink Exist Single Yes Normal Yes Yes Single Static
NOME33) Sink Exist Multiple No Grid Yes No
RBABY Sink Exist Multiple Yes Cluster Yes Yes
BSMAST!35) Sink Exist Single No Grid No Yes Single Static
PRDCL36! Collector No Multiple No Cluster No No
RCC7) Collector No Single Yes Cluster Yes Yes
ILPL3s! Collector No Multiple No Cluster No Yes Single Static
CHBDCE39 Collector No Single No Normal No Yes
DCP-MDGS-RHCMHT  Collector No Single Yes Cluster Yes No
LPDGMSH1] Sink No Single No Sub-area Yes Yes
cTpizl Collector No Single Yes Cluster Yes Yes Single Static
EDC-MSL#3] Sink/RP No Multiple Yes Cluster Yes Yes Multiple
NDCMCH#4] Sink No Single No Cluster Yes Yes
Table 3 Characteristics of the Dynamic Moving Methods
x3 HNEBHIBEUREFESR
Vethod Colrl):gfion é\l/[obilc NT\;’EELO’( MEs  Daw Nework Exist Need L:‘ietrjlym Number of - Deadline
Mode ement Element Cooperative Fusion  Structure Multihop Location of MEs Deadline Trait
MESDDL#5] Active Sink Multiple No Cluster No Yes No Multiple  Dynamic
DMPPOL*6] Active Collector Single No Normal No Yes No Single Static
BSDAL8] Active  Collector Single No Cluster No Yes No Single Static
ESWCL] Active Sink Single No Normal No Yes No
ODTEs0] Active Sink Multiple No No Sub-area No Yes No Multiple  Dynamic
SHABU Active Sink Single No Normal No Yes No
GMSTNL3-54] Active Sink Multiple No Normal No Yes No
LA-DA?! Active Sink Multiple Yes No Cluster No No No Single Static
CRPsl] Active Collector ~ Multiple Yes Cluster No Yes Yes
DMSL57] Active  Collector Single No No Cluster No Yes No
DT-MSMLE58] Active Sink Single No Normal No Yes No Single Static
DALM-DTE59] Active Sink Single No Normal No Yes No
TFSTS60] Active Sink Single No Normal No Yes No Single Static
DAWNL61 Active Sensor Multiple No No Normal No Yes No
MTDNLI62] Passive Sink Single No Tree Yes No No Single Static
MR-CSS!63] Hybrid  Collector Single Yes Tree No No No Single Static
PPSAL6 Hybrid Collector Single No Yes Tree Yes Yes No Multiple Static
NADCLS5] Hybrid Sink Single Yes Cluster Yes No No Single Static
GAALS!6) Hybrid  Collector Single Yes Tree Yes Yes Yes
WRPL67] Hybrid Sink Single No Yes Normal Yes Yes No Single Static
SOC-RDCE$9] Hybrid  Collector  Multiple No Yes Cluster Yes Yes No Single Static
HiCoDGL70-71] Hybrid  Collector ~ Multiple Yes Yes Cluster Yes No No Single Static
EDC-MEs!72) Hybrid Collector  Multiple No Yes Cluster Yes No No
LBCL7374] Hybrid  Collector Single Yes Normal Yes No No Single Static
BEDA-SCL75! Hybrid Collector Single Yes Cluster Yes No No Single Static
EDDCL76) Hybrid Sink Multiple No Tree Yes Yes No Single Static
PB-PSAL7] Hybrid  Collector Single Yes Tree Yes No No Multiple Static

WerMDG78] Hybrid  Collector Single Yes Normal Yes Yes Yes
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Table 4 Analysis Result of the Time Delay in the Typical Methods
x4 BAFTEIMNEBESNER

Number of Length of . L Move
Move . Network  Network Number of Communication Need .
Method Mobile . . Network ) . . Speed  Deadline/s
Mode Structure Type Sensors Radius/m Location B
Element Area/m [(mes™ 1)
DRADG!2¢! Random Single Normal Sparse 1500 200 50 Yes 1-10 350-400
BSMASTE35)  Fixed Path Single Grid Dense 200 300 Yes 4-20 200-450
CTPst#0] Fixed Path Single Cluster Sparse 100-500 100-500 15-50 Yes 1 600-1200
LPDGMSE! Fixed Path Single Sub-area 500 800-1200 60 Yes 4-20 10-50
SHAL! Dynamic Single Normal 600 50 70 Yes 1 100-3500
NADCL5] Dynamic Single Cluster Dense 150 60 Yes 30-80
SOC-RDC9! Dynamic Multiple Cluster 100-350 100 20 Yes 5 10-25
HiCoDGI71) Dynamic Multiple Cluster Sparse 2000 32 No > =30 100-900
LBCL771) Dynamic Single Normal Sparse 50-400 50-500 40 No 950-1200
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