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Abstract: In sensor networks with a path-fixed mobile sink, due to the limited communication time of the mobile
sink and random deployment of the sensor nodes, it is quite difficult to increase the amount of data collected and
reduce energy consumption simultaneously. To address this problem, this paper proposes a data collection scheme
called maximum amount shortest path (MASP) to optimize the mapping between members and sub-sinks. MASP is
formulated as an integer linear programming problem which is solved by a genetic algorithm. A communication
protocol is designed to implement MASP, which is also applicable in sensor networks with low density and multiple
sinks. Simulations under OMNET++ shows that MASP outperforms shortest path tree (SPT) and static sink methods
in terms of energy utilization efficiency.

Key words: sensor network; mobile sink; path-constraint; data collection; energy utilization efficiency

# E: fsink A 3hiid B T a4 B B ML b T osink £ PR G843 B 18] Ao 8 AU A A AFARME 32 R 4435
R E TR GAERAEAEH SR T MR A2 AL AR T —HF R K438 & R 42 5542 (maximum amount shortest path,
{8 A MASP)#43% 5K & 5 i% MASP 3 M4 &, 51 7 % 5 sub-sink 7 & 2 18] 49 [T fie. % 2 3474 F X4 R4 0-1 &
HHR]F k5t MASP B HATR KALAGiE 3 8 T —AF R T =2 4 GRG0 145 Ak Bt AT R AR T8 T AR
FHEBAEWBEX . B I MASP ST A Y R ZAFIKRE E M %A= % sink & W4 2 F OMNET++4945 A 4 & & 91, MASP
T REALA) ) TF BB iR AR T SR A 5442 J7 % (shortest path tree, 8 #& SPT)& B & sink 4k38 K & 77 i%.

KR AERB WML A ) sink; it B 25035 R R ARAE A R R

REES S TP393 CHRFRIZAD: A

FiE HE 1] 2 DN PTG 26 4% S 2% 9 2% (wireless sensor networks, f&i FRWSNS) S br 3 FH 1) 3 2 & 15 2 — ZEWSNs
Hh sink JE Bl 1R 45 a5t 75 R R 2 1 A T B R SR R R, 25 5 T WS NS i FE L3I 0T 4 ok, AT T4 HE 4%
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Fhsink# 51 7 15 4 90 fit B0 9 FEAE S 22 1071 552 ) 407, AN T 2% it i RE L3950 ) 0t

AN SN 55 2 B Xt sink RS Sl IR ] 5 1) TC 2 A I 19 45, 2 rp sink st A ] e BT A RS By, K Ak
ST SR AT AE BUE T 1B R 2 B0 A 7 208 B0 15 3% 21088 shisink s 78 M2 W 4% vh sink o5 1B B 1k 23 7
Sk HL T A5 BT T 4 R 7, AT A K b 240 o T 3R 8 s SR A i 0 e, dn e 4 v B RE R P R A B R SR AR R
T RE 2 (KO A 1% R G A VR FE bR AR O K SOk b 55 48 M 48 4% 5.1 SPT(shortest path tree)(®7 9148
Bl 3 A% 10 55 20 Bl sink 1) B 45 SPT RE W5 17 24 B4 % 3R 4 BEE, H1 2055 02 R 42 31 70 1 () B4 1, e AE )
FH 2 BBAK.

EFXF sink B 3h I8 [ 52 9 R R AR B B TR A B X 4% R ST T — R R A B0 R AR HL] MASP
(maximum amount shortest path), R4 sink 15 B0 A5 I 18] 2 P46 & 15 215 23 B sink 45 36 72, NITT A R 40
Hdin R A f KAk, ) e B ARG 190 4% 6 RERE, 312 75 2R 48 e FE R T 6.

ATCHE L S MR A 0 T 3 SRR SPT STV i s 58 2 AT MASP Ak il 5 0-1 %%
FRRI S ALK A A 2% ) L5 3 15 4 Hh R T IR S A b UL 56 4 T 2B MASP HLI e v B0 R A @ A5 By
WS 5 0 MASP AT I Red i, 18 2 SRR E I 26 A1 2 7 5)) sink 55 4% 55 6 15 )& MASP Jisi A& 5135 (1 1k
RED BLAIAT .28 7 T & SR AR I B M 48 72 5l sink J7 RWFFCILIR.

1 HRAERESH

AR LG —F sink A% BB [ T 0 KRS 2 B 20 0 £ A% IR A8 9 45 52 o . 3 S HE BP A AR AR ER R
WL RNV IRI . T A A 6 b 2 T 1 A — AN 3 SRR R AR RS B sink b M e e AL B
NGB IRZESRIZ g 34 b X 018 2 4 70l o W A OO 103 % kAT I 8% 30, IR sink sB S oze [ 8 4
2 sink 5 M BB B ¢ IR B AU BRI 58 Bl — 46788 Bl AR SC LL“AR B0 R A R 1) 45 P e AR IR I R B L
BISTECRE R A GE L .2 sink £0 M B 20 30755 55 BT I, 755 5T 46 ) MR B AR5 30 sink 55 M )i
v R, AT LUK A 30 I DX sl i) 23 by P 38 7 L B2 0475 X 48 DCA(direct communication area) fl £ Bk i i X 35
MCA(multi-hop communication area). & 1+, L1 F1 L2 P 4% i 2k -2 [] f X duk BT Sk B 482 008 4 Xk, i Xk P 4 74 A
(KA sub-sink) PH 125 B 030, DR BE B8 ) sink a0 M B A% 65000 i 6 MCA H (71 s (B b 1R ), 75 2% H
Z b 4k 5 OB B AL 16 4 sub-sink, JG B R A73R 185 R IR B0 I e 28 R % 4R #5 8)) sink AL

~

Fig.1 WSN with path-fixed mobile sink
Bl 1 Sink B[] 52 Jo el ikt 199 2% W T 3 5%

AR Z Y 3 5 R ST N R

(1) B3sink SEAEWIIRERE TN 706 AT B AR

(2) &1 ACEAT A R0 D 3% 4 R A I R 2 B sub-sink s5AT 2 08 1Al 2 1) 28 A7 254
(3) &AW HAX BeikBE—A> sub-sink 14 H 1;

(4) BRI LS T Az )] DO o e ksl 22 Bk 07 305 AHE
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(5)  FTAT R BA YT AT foe R AR 1) JL TR 1) sub-sink i 1% Kol

(R L s 1B S s A B BR 2 T A% 80 sink 255 4% sub-sink 522 ) PR3 A5 B 1) 8 PR, 7 A
A~ sink 1247 AN, % sub-sink s BT AE Ik 9 B R H A [ 5 K. 53— 1, sub-sink J A1 OB 2 B0k B
TR RS sub-sink T EL B BB YT R AR D T L BTG AR IR B R 1R K. S B A B R T e
I d KB HE R O LR B W R B) sink s AN FRLYI N OB R AR o2 U, B 1 T RSB R AR R
# sub-sink JT 40 5 ) a5 Y R AT O, T DU e 8 4 i GA B0 SR B v B RARE . 0 — T 1 A Y R R R
SR I 4% o TR R AL 1) DA T L4252 W X 6 AR B8 G S SC BT S (10 2 T 2 1) e 52 00, BRI A i 10 A0 ol 5319
FEA- sub-sink s 2 18] 73 Be A 19 76 5 KA 28 8 B0 R A 2 1D ] I RE 8 )T e st [ IR RE A

SCHRLS, 7140 5 H 5 Jod e A2 8 SPT 777 25 % sub-sink sl 71 SPT % 1 53 126 % 2 HL 1k A0 J 1 sub-sink
PR H K, B3RS (R B 05 46 22 4005145 sub-sink (10 f5e i B A2 WY [7) B AR A I B rh 4. (29K, SPT 7 vA RE 6 di /)
AR RERE,MH SPT " {1 sub-sink 26 £E KR vHE AR P 245 B 1Mo A% 18 % sub-sink x4 it 3k BE 07, DAL iy i)
AE 2338 1, sub-sink [ R 5% B 5 O A I% 8 D AN LS. 1 G, KL e sub-sink x5 8880 sink FIE AR I E) LI
e BB D, 3 BB AL W IR B mT UAGE 1 55— THT, 56 2 sub-sink s 14 T8 £ I 1) 4R K, EL R 5% OCREAR K
IOV 58 4 R IE G AT (1 KB e A5 B e O, R B T 1) R R PR I 2 5 B 5 REAE 1 AN 35 5 4 L A
ZOEAFINT AL 2 45 1 T SPT SARIIEAT 41 2R K 2(a)H SPT AL AEMS R AL B R L1 BIAE foe R AH — 1 i i .
2(0)45 T 1 2(a) P AE 150 AT s B B R, % sub-sink s T A 5 B S SR /0 1 DA SRR 1 L AR i i U
B4 2% sub-sink s 9 A B 6 RE 3 v S5A5 21. MCTHT I A6 23 260, B SR g /D 18 52 o R R TS I AL T R
3y sink 3815 I [] [ YR 21 A0 At SR B 10 a2 491 Pl 2(b) ) sub-sink 12,802, SPT 5 2% B BE 6 A1 R (K
FE,(E H T B0 R AR R AR, N T 5 EREAE A AT

1600 : 5O
& 1500 — ] 45| | Minimim requirement
\x/ 1400 g 40 |:|SPT
£ 1300} £ %
s g 30
5 1200+ SPT < 25
S 1100} —k—Theoretic maximum 5 20
o
% 1000 'g 15
g QOOM “ N I‘
(=]
e sool 5 ﬂ l ﬂ J

700 . . . . . . . . O tmm I I]l‘ I\ i-| .

120 140 160 180 200 L A 12 14 16 18
Number of sensor nodes Sub-Sink ID
(a) Total amount of data collected by mobile sink (b) Number of members belonging to each sub-sink under 150 nodes
(a) #3h sink HLEE B R A S5 LA (b) % sub-sink 7 & iz 51 7E 150 AN AL R B0 TR

Fig.2 Performance evaluation of shortest path tree algorithm
K2 SPT SLiktLRevrin

2 BERHFEEREREZEEM

AR SCH) S F AR EE R sink % 2l ik [ 5 (70 2 % I A 19 2%, 2545 5 R HH SR A1 B R0 BEAFE MY IUH R R %,
P —MILAL Y sub-sink SEFEHLE] 2 FR G0 REAE A ] 2, BAR R A4k H A

(1) RGHdn XA B E kAL,

(2) ££HFRQ)IIENE - R SR REFE S /ML

P 28 T ot 2 7 A ST KLU B NN member 73 31 4 71 sub-sink A A 78 53 350 AR AR,

Ntotal=Nsst Nmember-
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21 BIEXESERKRL

FA G R A BB Qorar FH 2K 1125 sUD-SiNK (1) A8 BEALRR BT Gy = D% 0, FLHT, 0y 3% Hsub-sink iff:
F R B B3 T 25 B0 6 T R sub-sink i, 5K B T A 38 B B0 8 g IO T IC R AF Bt i b d KR IR B
i 2 2 (R A, oy 2 () T

Oy, = Min[dit ,dy(ng +1t] (1)

Ox (L), Ao 73 0 2 705 B A i 2 R B SRR 2 R sink i IR I2 AT JI, t, 2 Rsub-sink 45 sink i
(YL A5 I TR 24 3K (L) L B g, SR IT AT 2 B0 [ e AN A2 1. DR b, 2R 498 000 R 5 i dk dpe A ) 72 20 i 22
AN

dttSS‘ min
nssi = d tl -1= nssi (2)

AR (2)F W, L sub-sink 27K A 53 B0 AN T d /A 5 5K ng™ (minimum requirement, i 7 MinReq),
M 5) sink 5t nT LURAE BB S F 16 B K3 &

22 RGgREFER/IM

FEA% R3S I £8 AT 5 first radio order i FEAR 79 MBI 20 H dgle FH T 574 5 36 R W RE R {Efirst radio order
REFERITY b 7 7 R 0% BERE S AL 4B BE 25 1)1 U7 1 BU AR SCAN 5 B8 Th 2 s i i) 0, A1 52 9T A 1 A R D [ s 1) R A
RIS T 2R,V BB YT A5 2 IA) (1 5 B P 8 G 5 A ik, AR SR A 3R (3) T s 1) A7 Ak REFEAR 2 12455 70 L A AH
KICHR[L9]Hh 4 FH T~V B REFE.

p~e(kr+ki) (3)

753 R (3) BT s B BEFERE TR oy Y 2505 A A p £ 2 SO R 338 A B 0 6 ek Tk oK ke 2 ek o 30, 3 R I A
BRSCERLAT ELRR RO 1Y BEE.

R B sink BANSAT B AR T A4 0 Bl B KRR X B Bk 2 IO R A K =K +q, g KR
RLEBRANIZAT YT N BT R 4 B B0 R AR IR AR 1 (), T B DA T R W i B A5 1) JL T I 11 sub-sink gk
DB BT LAAS B4 9 T A S S i S Bk T ) O R LA K (4):

Si-3heq @

A S (4) IR T A B LT JE sub-sink s 1) B A0 2 SR T A0k sub-sink, Uk 0R 5 24 3 (4), il LUK
LS RG0S BEFE Protar A by Joe /N BREURN (1 7 X,

Ntotal Ntotal . ] DNiotal 3 Ntotal
Protar = Z pi = Z e(k; + ktl) = Z e(Zk; +Q)= e(2h +1)-q (5)
i=1 i=1 i=1

i= i=1
23X (G) i AR BT R 48 B RERE AR 22 2 (5), AR 4 A BEFE S /MK ) A5 A T4 0 3 e i 8 2L T
sub-sink i Bk ZOM /M ]
23 RAWEESREREMUEE
55 2.1 FIMIER 2.2 1573 0k ik B RERE S/ A B B KA AL H AR IR 2 PFEAT T 20 BT, X L4 i A

NS A A R A
H Fr A %4
min 3'h, ©)
A U
g =ng" (M)
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3y = (®)
DAt H b of 50 (6) 55 /N A4 55 5 R EIORT b 5 R A 4 I A4 B R B /ML A R A () H 1 DR 8 B0 sinke s B8 R
AR A KA, T 20 SR 45 A0 (8) MUK 45 sub-sink Bl ot B0 (1 S R EAT 29 . Bl dee A0 A4 il 80 mT DA R 8 - 5 4k e £
A 53 43 B ML 2% sub-sink 328 BEATL I, 782 37 2% il 02 5 sub-sink 2 [ AR A6 i — — WS o0 R A 15 E A PR R GE 4 R
AR i R IR B2 B3/ A 4 A 4 e A DAL e 12 B U0 A Il R Ay g R B0l e R 6 A% 1) /. MASP(miaximum
amount shortest path).
RRPE TR B B, 75 MASP 1, & 1l 51 0 200 HAV REd £8— AN sub-sink 1E24 B ¥, H.% sub-sink s BT 254 1
NEEE TR A AR X 4, T (3T 3K f#, 7T LAKE MASP [] U A R 0-1 HE S0 P 3041 ) 7L
o HEPBEA(NmemberxNss): a7 3 28 (=1, .. ,Nmember J=1,...,Nss). Q520 —HEHl A it ;=1 7% Ji b i ¥ sub-sink
4 H 1);25=0 FoRsub-sink jAN A& i ik H 11
o FEFEH(N memberxNss): BN 7GR A (=1, ...,Nmember,j=1, ..., Nss).hij & 75 B 53 15 Ali Elsub-sink 1) s fid

B
ERANEEE
Nmember Nss
min Y, >a;-h 9)
i1 =1
T AL 2 R A
>a, =1, vi (10)
=
Nmember . ;
2 20y, Vi (11)
=
r]member 2 i ngs]:n (12)
-1

B HBR B8 L (9) SR T H b R 20(6). 29 SR 4% A (10) A D A5 A 1l B4 46 20 HLAN G % — > sub-sink, 2 R 411 (11)
R4 sub-sink )18 53 0K T B/ AR MinReq. 2 R 2 1 (12) 55 i d (KB 4% 11 (4)— 30 RIS 1 vy s A 2 1Y
2% 53k B KT B/ i SRR IR ML DG T4 TR A I 199 5%, Bl B i/ T e/ i SR A PR D A )
THTHEAT I 18,

3 ETEKEZEMEMERMBARNEZ

S A ) () A2 28 AR IR 1 R, T SCH IR 1) 0 — ENP- 56 A 41 4 A 4 i P S A S0 — b Ay
AR 2 A Ak T R AR I e AR AR SR P a8 A% S0 PR R AR D B 45 45 JR) PR R I 3 45t T 42 sUMASP
) LA v, SEBL T RS B R ) A I 23 .

3.1 RBKRRIEBSMERFIRER

Tt A8 B i T (¥ 4% €444 (chromosome) 4 fith #1552 — 4E 4 il 1 H A 0 4k o8 20(9) T A (11 T2 2K NiemberNss—
YEFE RN T T R R TE 55, 1 SR P A 10 D s T A O Bt Ak g ) o, B b ) — g a0 - 3 A T
Yo Ak Y g i () S B 3 AL B D — AN 1) B R 4% 3 41,51,52,S3 KR 3 A sub-sink £,n1~n10 FoR 10 AN
#..Sub-Sink 55N ¥ 30 2 7 /D B 75 3K B MinReq, 805 T 5T A IR £ 2 7 Ik R 1K) sub-sink 4 5 0 2
P 1) sub-sinkik £ 25 S, T DAAS 214 B 2 e 4 4Rk g A A% X

G, BT AT K 5 A B HLIE B A sub-sink S AR H Y, BE L A NAS BTG AN R 2 ) 46 B 1A
(population). 41 4f B A4 P FOAN AR 355 A2 20 3R 4 1 (10), (H AR AT AE A A2 29 TR 4% 1 (10). TR b, WO AR R A4 T RE A
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e PR P 0 A 1) AR, AN T O 8] B R 0 0 €, e i ) R D), ) 2 8 A R () B8 AN AN 02— A N member X Nss — 4E AR
FEA(1=1,2,3,...N) X L af (i=1,...,Nmember J=1, ..., Nss) T AR AR HEA 1 T .

OO |O|0|O|F|O|kr
R|O|O|O|r|O|O|+|O
Ol | Ofr|Oo|r|O|O|O

=
o
o

@ : Sub-Sink
Network topology and sub-sink selection O : Mmember 2-dimensional binary chromosome

Fig.3 An example for representation of individual’s chromosome

Bl 3 PR A e o A — o i i S o1

3.2 &R E 5 s R R

3TN B R RE SOER 256 %5 18 H A 8 BOMAS AN AT AT BE AN O ANRTAT A I 5 7 08 I A 5 R A 113X
HLR A H A ol B AN AN AT AT B 53 T AR ER (¥ 77 52X, 7 1 78 SCIE I R BRI AN & B bR BT T o S AR 1) o B
{E (fitness) A1 4N 3& M {E (unfitness), 41 23 X (13) « 22 U (14) Fr 7. T LA Hh 3 N7 o6 205 H b R 250 (9) A 1), S Il 5 i 18
B2 R 38 AR /N IR AL A8 I bR K S I T2 AR PR AN AT R B 5 AR M 2 T AT AR P R R AN S B R
N T B 2 A A AT AT A

f(A)= Zailj -hy (13)

=L j=1
i Nmember | .
min| 0, > aj-ng’
i-1

(A=Y 19
-1

3.3 FhEREES X ECAN

KT R 43, SR FH BEAL I 8 106 PSR, DA 224 17 FE A v B AL 308 93 V9 %o A 7 A o A 7 e i JE 41 45 /S 1) /S A
M ARE T 3E A BT AR MR 38 A A2 AR 32 36 ) W — A o4 T AN 38 S (DR T T XOR RS e 1L 7 22 42
e T ARKE R () i

Tt A 52 v AT T T 3 R S B — AN B S S EAE, AR i X Hie % A8 A 2 ] ) 35 DRT DA SR B e o T
FRATSOR I — e B (O R G i, by T8 DR -1 AR A 48 23096 2 29 SR 4% A1 (10), 31 LR I8 AT A I R AR 2 A8 TG 5005 AL
# 1.

Table 1 Crossover operator based on unfitness value for each member i
F 1 AT AN A A AT C RN O AT R A )

Initialize temporary variables v,,v,,...,v, 1o be zero.

Nss

Forj=1tons, v;=af" AND af?

nss
If Zkzlvk =1
a =a
Else
C —aPt with possibility uf (A ,)/(uf (A f(A,,), j=12
ay =gy p Y uf (A ) I(Uf (Ay) +Uf (Ag)), J=1.2.....n
aj =aj' with possibility uf (A ) /(uf (Ay) +Uf (A,)), j=12,...n
End If

P
ij

Li=12,..ng

0 N o g b~ W N|E

© RERREBERAIISTET http://www.c-s-a.org.cn



4RI 5 :Sink Huit B T AR R B R 4 5 3R SR AL 153

FER 1 PR SR HEREAp App FIAC T TR AN SCARAN AT — A FARANA, 53 0 HHTE 3R @™, af Fil af KA. i
I A2 5 vy, Ve, v A7 A SOARAS AR Z IR AT AP B W I A5 U2 0% 1 v AND O — 3k ) 22 B (132 4 55 ds 55
F AR FE 5%, 2 R A SARAS A [ sub-sink 328 $AH [, )5 AGAS PR 4 AR 356 £ 1 R AR sub-sink &
FEAN ] I ANTE I AF 450/ 1 SCARCHE DU ot (0 B i 48 7, I T AT R T 3 4R AT AT A 4 i AR R I 4 45t T
AZHCILFE ) — A S 1 4 SR 1 BT SR A AN IE A AR S0 1, 7 AR ZR AR SAR 1 B2 10k o, DR M
AR AR AR L.

FEAR S Tt ol B ATLOE P6 P AN e DA JE A e 3L sub-sink 648, IE DRAIE - AR AN 1A A2 20 TR 4% A1 (10), 358 BBk R
(K22 5.

1] 0] o 1] 0] o 1] 0] o
“To 1 | o |7 o | o 1| 0o | o 1
T o [0 |7 t o] o | 77 1] 0] o
o o 1| 1t | o | o | 7 ™ [ 1
“To 1 | o |7 1| o | o | 7 8 | #*"%
o o 1| e 0 140 | N ™| o 1
Tl o [ o | T o | 1o
“To o [ 1| N B oo [ 1] 0] o
“To = e 0 1| 0 1] o
T 0 NO W @ ) 1| 1] 0| o

Parentl Crossover Parent 2 |:‘> Child

Fig.4 An example of crossover operation
K4 A ECH ) 52451

3.4 EEMERIBBE X

h T 3R i AR R T R (1 0, A SCOR FH TR A R 110 3 RV SR PR A AR AN R I R A A AN
T AL, AN T 207 Dt A% AR, I s bt A% S50 B S AT ) P R 19 5 SR 3E 20 AN B BB BE 1 )T B AR
ANTTAT BE AT BT SR ATAT AR B B 2 W T BRAIC H bR s 0, A BY TS 3R B A A

MEZ 1. A AR B4 1 0 I FE LU F " sub-sink s 4% 21 “YLT&sub-sink s

3 [T T A7 sub-sink a5 j, Wt SR B /N I 75 SR S MinReq i A 500 A2, WHZ IR j+1, .. N, ... j—-1 IR )F L — ANk
A HE K T MinReq ) sub-sink i, 88 J5 7ES T2 (0 18 54 TP BEATLIE 35— AN B 5 8, 4t sub-sinkt £ M s i 21j.

MER 2. A AR b B A sub-sink IR 8 23 il b HE BT e 48 B 25 L0530 1) sub-sink

3 [ A 5L R, W SR 2 T sub-sink gRs; R BB /N 8 0L 7 SR R MinReq B i 2, HLsi A A2 B B i i
i fysub-sink, Bl g = min(hy), j =1,2,...,ng RS D3 KE 505 s, 106 PR R 5 T 50 AL P sub-sink A 24 1 1.

isi

3.5 BAEMSERZILEN

B ARSRAZ B 5 AR A 0T 8 U B =24 i A A

o WER AU LS AR AR A AR R U B SR AU A

o USR Y HTRE R AN ATAT A, HL AR A B AN AR/ T 24 AR A T ) B v AN A A, DU BB A
o R FTEAA AL S AN ATAT AR, Ly A AR I8 IS /N T 24 R 6 i vt A, DU S A A
SFREZAE AT A A RAT S 3.3 41~20 3.5 15 (R0 B8, HL 27 A Carop ™ AN A4 1

Bl 5 B4 T Rl AL T st Sk i A AR iR
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‘ Generate Niyi; initial solutions; ‘

Setcount =0
+ Y -
>
N

\ Select two parent randomly \

Use crossover operator in algorithm 1
to produce a child solution;
Do mutation operation

Do local improvement (phase 1 and
phase 2) to improve the
quality of the child solution

CS is identical to one
individual in population

nfitness of CS higher than the
highest unfitness in population?

count = count + 1

count = count + 1

Replace the individual with the
highest unfitness

Fitness of CS higher than the
highest fitness in population?

count = count + 1

Replace the individual with the
highest unfitness

Fig.5 Solution based on genetic algorithm (CS: child solution)
Bl 5 ik HIE AR FE(CS: child solution)

36 HEEERENN

1EB 5 s S EE AR AR vy R 1 2R 1Y SR B0 2 A 5 R L ] o, DR ARV A R A R AR T A
5% B U T R A R AR e B B L IR IR) B 2R O OGNy ) BT B 20 TR I TR 2 B Oy
O (Mg Nermper ) « AT e 325 BN B A S0 A 10 IS 1300 52 4% 3 4 O (N2 emper ) - (L AR TR (K2, 13 40 A7 B e 3R 1%
JE(worst case) >k 2% & 5L S BR P AT I 72 v B A5 at A% A 1S 0, 24 B A o PR WA A R D I B L IR A
SRR 2 T4 T e T AT AR 2 RIS BT e BEBAT B B 1 G B Ah B T
4 ETF MASP YR R EBIE Y

Z &R 5 sink B85 VIR A7 it PR AN T SRR IR AN 32 IR, B SR SR AR B b B 2R i A b UL T B
H sink s 58 B E AR S BE 5 S WA B B AT A A B B R B SR AR B B
4.1 ¥ELE R

WIEEAG B B 2 2] 3R A PAR M B . 288 sub-sink 35 55 . & B G SR IR sub-sink 2558 i AR
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4 THER S sink £I247 3 AN AL 3 &
1) 14
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IR TR 1 K 0 5 R 2 6 25 DDAH G, DR b, B 82 4 v 0 L ok R P ARV AT 4 xR 1) (0 i OO AR W 26 3.6 T 45
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Table 3 GA results with different number of sensor nodes

T3 ORISR NI LSS R A

# of sensor nodes Optimal value GA-LI GA-NLI
(# of sub-sinks, # of members) Avg. optimality  Avg. iterations | Avg. optimality  Avg. iterations
120(10,110) 510 510 3006 512 16 329
130(13,117) 530 530 3537 531 17743
140(14,126) 573 573 5521 574 17 802
150(17,133) 580 580 7 836 583 21063
160(17,143) 622 622 9921 625 23851
170(19,151) 643 643 9969 647 26 029
180(20,160) 674 674 10 359 676 29773
190(21,169) 705 705 11 232 708 33448
200(23,177) 736 736 13 479 740 35929
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Table 4 Relative density change with different number of sinks and sensor nodes

T4 ANIFIPILE RN sink i 7T 0% B R AR A AR AL
Total number of Number of sinks
senor nodes 1 2 3 4 5
200 HD HD LD LD LD
300 HD HD LD LD LD
500 HD HD HD LD LD
800 HD HD HD HD LD
1000 HD HD HD HD HD
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Table 5 Related works in WSNs with sink mobility
&5 sink B ok k& W 2 AOCHE T T A

P Path constrained sink mobility Path controllable sink mobility
mmunication mode - : - - - - - -
Communicati d Single sink Multiple sinks Single sink Multiple sinks
Single-Hop Chakrabarti®™, Song™ Jea™ Somasundara™, Gu™, Sugihara™" | Somasundara™”

Somasundaral™, Kansall”,
Luo'®, this paper

Multi-Hop This paper Xing™, Rao!™®! Marta*®, Xing*"!

7.1 Sink¥ kR E

AR SO Y 3 50T sink % 2l 900328 ] 5 (1 42 Jak i 194 24, 50 HELFE xt siink 78 3l e ] 5 1Y) AH ST 5 AR
HEAT I 45 SCHR3, 41 ¥ DB Y T TI sink 7 2l 1 0 E 2 DL iy % JE i W 4 1k BE. Siink s e 22 BB AR A el 4 J#1 301
AP IR 5 B R R 20 A1 FE AR 4 ] 7 s 20 Bk e 79 00 (0 S SR b AR 38 T HE AR R 0 B T 23 RERE
Kl R SOOI A DA 2 ) R D% AR SCHR[3, 4170 P A 10 s #8  A AE RS 2l sink sl ELRE I A5 ) P9 R SR e 45
AN sink s AIE B 52 bR ST P SE L83 & i T 52 2R sl P AN 800 A5 B A B, OF 3R BT A A e
{5 15 R 2y sink B A5 SCHR[S]HE T T8 3 M I 1, 20 7 i 7 e S 90 ¢ 00 SR AR R REAE 2 1) (R LA O A%
{ELIE, SCHR [S] IR F SR S0 155 11 DA 719 e i A% 36 U 3 9 SR [3-51A /), AR SCHE 1 22 b v 4t 45y o 4 i 17
T R ) Bt R A Ty LR e B R A B R IR R e

SCHRS, 71T sink Bk [ 1) 2 BRI A B B A% I A P 25 3R T — R i 5 3l sink Z [0 (R A5 P iR
sink B A B 7 ) SR AR AT P e B AR (SPT) 4 T IR B A% 27 (BB sub-sink) BV i 5040 . 4 iy e
B, SPT 23 s Sk Kol Uit B M REAE X AN K1, T SUBAR K REAE A 3. 55— J7 i 2L L83 50 R sink s 22 B AE Sl AL
3 TR b IS AT TV MR e A S 5 100 24 B0 SR AR 110 7 S Bl R 5 A AR o L s AN A A el R, A S AR AR 1
TG0 #01 B2 L AR 1 2R e B R A R M RERE A &

MobiRoute® i i 15 28 3 w4 i 12 ) TN 5 5 41z J 248 190 4% 110 A= 47 16 1) R ECH SR AR5 A SO 3R AN ) 2
MobiRoute ", # Jjsink 23 71 55 Lo i 157 B B IR T1), DA B, sink s A7 R % 16 I T SR B4 4 204l 53 4h MobiRoute
P A 5 k1 By sink i 3 22 AR 2, 75 BRI TS SN T i sink B8 8l 3 B ) 4 9 0 41 B2 A0 AE A SR H
MASPH, HUAT sub-sink s &H1E A2 Bl sink (19407 B AR A 186 53 715 e A3 F 2 17 56 & #% 1) sub-sink i A% 12 00 (0131
F 2, MobiRoute X 3¢ R Fsink a7 A% 3 25 I 45, T MASP b Fsink aTOE i 53 747 51R 28 B 1 7 B8 % S FF 22 sink o

SCHR[9/E STHR[6] i KL il _E R 22 # 5y sink i B e 09 2% T 9™ 1k (HLA, SCRIR[OT 75 48R JH SPT Stk £ 1% 15
AN Eh e (7 I, SCRR[O] B A1 ) A 20U T 32 2 — SRS 3l sink el 1R BB U5 ¥ T P9 4 R Bk £ 75 1K
) e LIRS 2y sink s 3% Bt AR ST B R4 7 S8 1 2 Whil A5 U5 2, HLREY JESCHF 2 sink i



BR0h FSink Sk B] 2 AL R 25 W 2509 3 AR R AL 161

7.2 Sink# Ehi i ATz

SCHR (O] X AR TG 2 ATz S 3 190 2 B9 T # 3l sink sl U7 1) #8 A% JE 1 s 00 e i), 3o o P Ak 1R 7%
By A% LAGA DRAE S 25 19 05 G2 A7 IX AR AL SCRR[10] (1 RE fifi_E, SCHR[A114 T — Pk T M BT 35 2 119 sink xd
F sl A2 1B FEAL . SCRR [120K SCHR[20] 14 sink s s i) W L AL HLIRI ™ e 21 2 sink s 137 55 mh 7 B0 K
(¥ 42, £ SCHR[10-12] 7 8% 3 s 2 Uy T 000 DX 3sR A R0 A — 19, JF AT 0 BB R A Bl 0 BE IS 2 AE B9
HEAT 45 B, 3L sink AR I8 B RO B HLYRE T 8715 A ) B0 B0 SR 8 23 MK 92 A7 XKD PR A i o S5 o 2 PR o, et 3 4
ZEIBLECR LR 32 sink i A% Sl B2 0 B sink 38 7 75 2B R I 1) 47 8 56 e X 8 #E B Bl R AR AT 55,71
SRAE i P B S AR, 5 o I S A 880 vy SR F) N AR )

SCHR[AB]FE Y T — Al A2 sink BRARIL$ETT 5, L 4 9 S AR BERE SR /DN AR AT 31 1 DR 080 S 38 fe /M. A FRAIE
REAEdc /N, SCHR[A3] b T A7 95 sl B R EL B2 I FE 3y sink Ak B 7 7 532 B 0 2%, el 3 1 AR B 355 1 B ) 0 Kt 2
IR R SR VA DR 5 R 3l sink 2 [0 ELEGE AR, M0 UK 22 BR3E A5 7 0 SCRR[L4148 ) 1 RSt 0
KR sink Bt AR UL FEHLHI LR D sink x5 8% 23 R -5 2o 135 2 6 (¥ 2 i, 6 SCRR[14] 7 A SR8 0 R R
AR5 B L 2 Bt 5 7 AR R4 Bl VE SR, I R 3 A7 (5 R 8 3 sink 5B LA B A2 U7 T7) %V 2R i B
RAEH . SCHR[L717%5 18 T L5 STR (141 A AL 190, 5 S R B S RF 2 sink i B T 37 55 SCHR[A8]9¢ HY 17
R EE T RERE S I AP AT sink g AR B BN L, JE M BT BAR RN A2 R AR UL SR 23 A sQSEE R R 8 19 2%
i RIE S AL A2 SCHR[16]5E T2 sink w22 Bt 5 45 5, R M A A RAN 20 Al sUBARBEUE 17— Ft sink 18
B SR A 190 20 7L A I TR AT e AE

8 LHRIE

AR Ho By sink B 1] 5 PR G 2 A S s 190 2% B8 Y 17—l e 20 PR el R B ML ) MASP, 3 o A0 7l 5 7 o
il sub-sink i Y UG BC 5% 3 S0 AR GE 8 R A 1 BB KA R AR 48 AR REFE B /M. MASP B AT RLBF AT 9 R 1E,
AE % 38 1] T 32 ) 2% 1 22 % 31 siink s 9 2% . MASP [r] 8 04 — 2 NP-5¢ 4 i) 8, IOA SC 45 i 77 9 T A S A )
PR R 1 R R BRI ABL R A 07 B S 30 45 AR WL, 55 SPT AHLL, MASP 65 LUAFIHE SR /> 1) REAE A AR A R 743 4l
KA B ) B AL, BN MASP ) REFEF 2 KT SPT.

BOs AR, FRATT X A SO TAE S T SRR U AT, DU 55 B 15 T B TN K B R A AR T AR
5 T F2 % Sajal Das ##% . X7k FHZ R 7~ 8

References:

[1] Shah RC, Roy S, Jain S, Brunette W. Data MULEs: Modeling a three-tier architecture for sparse sensor networks. In: Cayirci E,
Znati T, Ekici E, eds. Proc. of the 1st IEEE Int’l Workshop on Sensor Network Protocols and Applications. Alaska: IEEE
Communications Society, 2003. 30—41.

[2] Jain S, Shah RC, Brunette W, Borriello G, Roy S. Exploiting mobility for energy efficient data collection in sensor networks.
Mobile Networks and Applications, 2006,11(3):327-339.

[3] Chakrabarti A, Sabharwal A, Aazhang B. Using predictable observer mobility for power efficient design of sensor networks. In:
Zhao F, Guibas L, eds. Proc. of the 2nd Int’l Workshop on Information Processing in Sensor Networks (IPSN 2003). Berlin:
Springer-Verlag, 2003. 129-144.

[4] Chakrabarti A, Sabharwal A, Aazhang B. Communication power optimization in a sensor network with a path-constrained mobile
observer. ACM Trans. on Sensor Networks, 2006,2(3):297-324.

[5] Song L, Hatzinakos D. Architecture of wireless sensor networks with mobile sinks: sparsely deployed sensors. IEEE Trans. on
Vehicular Technology, 2007,56(4):1826-1836.

[6] Somasundara A, Kansal A, Jea D, Estrin D, Srivastava M. Controllably mobile infrastructure for low energy embedded networks.
IEEE Trans. on Mobile Computing, 2006,5(8):958-973.

[7] Kansal A, Somasundara A, Jea D, Srivastava M, Estrin D. Intelligent fluid infrastructure for embedded networks. In: Banavar G,
Zwaenepoel P, eds. Proc. of the 2nd Int’l Conf. on Mobile Systems, Applications, and Services (Mobisys 2004). New York: ACM
Press, 2004. 111-124.



162 Journal of Software #4+% 4% Vol.21, No.1, January 2010

(8]

[0

[10]

[11]

[12]

[13]

[14]

[18]

[16]

17

[18]

[19]

[20]

[21]

[22]

Luo J, Panchard J, Piorkowski M, Grossglauser M, Hubaux JP. MobiRoute: Routing towards a mobile sink for improving lifetime
in sensor networks. In: Phillip B, Gibbons P, Abdelzaher T, Aspnes J, Rao R, eds. Proc. of the 2nd IEEE Int’l Conf. on Distributed
Computing in Sensor Systems (DCOSS 2006). Berlin: Springer-Verlag, 2006. 480-497.

Jea D, Somasundara A, Srivastava M. Multiple controlled mobile elements (data mules) for data collection in sensor networks. In:
Prasanna V, lyengar S, Spirakis P, Welsh M, eds. Proc. of the 1st IEEE Int’l Conf. on Distributed Computing in Sensor Systems
(DCOSS 2005). Berlin: Springer-Verlag, 2005. 244-257.

Somasundara A, Ramamoorthy A, Srivastava M. Mobile element scheduling for efficient data collection in wireless sensor
networks with dynamic deadlines. In: Rajkumar R, ed. Proc. of the 25th IEEE Int’l Real-time Systems Symp. (RTSS 2004). Los
Alamitos: IEEE Computer Society, 2004. 296—305.

Gu Y, Bozdag D, Brewer R, Ekici E. Data harvesting with mobile elements in wireless sensor networks. Computer Networks, 2006,
50(17):3449-3465.

Somasundara A, Ramamoorthy A, Srivastava M. Mobile element scheduling with dynamic deadlines. IEEE Trans. on Mobile
Computing, 2007,6(4):395-410.

Sugihara R, Gupta R. Improving the data delivery latency in sensor networks with controlled mobility. In: Nikoletseas S, Chlebus B,
Johnson D, Krishnamachari B, eds. Proc. of the 4th IEEE Int’l Conf. on Distributed Computing in Sensor Systems (DCOSS 2008).
Berlin: Springer-Verlag, 2005. 386—-339.

Xing G, Wang T, Xie Z, Jia W. Rendezvous design algorithms for wireless sensor networks with a mobile base station. In: Jia X, ed.
Proc. of the 9th ACM Int’l Symp. on Mobile Ad Hoc Networking and Computing. New York: ACM Press, 2008. 231-240.

Rao J, Biswas S. Joint routing and navigation protocols for data harvesting in sensor networks. In: Porta T, ed. Proc. of the 5th
IEEE Int’l Conf. on Mobile Ad Hoc and Sensor Systems (MASS 2008). Atlanta: IEEE Computer Society, 2008. 143-152.

Marta M, Cardei M. Using sink mobility to increase wireless sensor networks lifetime. In: Jain R, Kumar M, eds. Proc. of the 9th
IEEE Int’l Symp. on a World of Wireless, Mobile and Multimedia Networks (WoWMoM 2008). Newport Beach: IEEE Computer
Society, 2008. 1-10.

Xing G, Wang T, Xie Z, Jia W. Rendezvous planning in wireless sensor networks with mobile elements. IEEE Trans. on Mobile
Computing, 2008,7(11):1-14.

Heinzelman R, Chandrakasan A, Balakrishnan H. An application-specific protocol architecture for wireless microsensor networks.
IEEE Trans. on Wireless Communications, 2002,1(4):660-670.

Wang M, Basagni S, Melachrinoudis E, Petrioli C. Exploiting sink mobility for maximizing sensor networks lifetime. In: Sprague R,
ed. Proc. of the 38th Annual Hawaii Int’l Conf. on System Sciences. Hawaii: IEEE Computer Society, 2005. 287a.

Chu P, Beasley J. A genetic algorithm for the generalised assignment problem. Computers & Operations Research, 1997,24(1):
17-23.

Al-Karaki J, Kamal A. Routing techniques in wireless sensor networks: A survey. IEEE Wireless Communications, 2004,11(6):
6-28.

Lofberg J. YALMIP: A toolbox for modeling and optimization in MATLAB. In: Sebek M, ed. Proc. of the IEEE Int’l Symp. on
Computer Aided Control Systems Design. Taipei: IEEE Control Systems Society, 2004. 284—289.

EB UM (1980 —), 55, T W HF PN YU, 2
HIFIT AU A T 2k A Sl 199 2%

BARH(1973—), 3, TREIT, 3= TEWF 57 404k
h T e I T 245,

3 R RH(L957 —), 1 4, W
U, = 5 S 5 6 0 2 1 R 2, B
B LI, 24 s e 2 0 .



	1   应用场景模型分析 
	2   最大数据量最短路径问题 
	2.1   数据采集总量最大化 
	2.2   系统能耗最小化 
	2.3   最大数据量最短路径优化问题 
	3   基于遗传算法和局部搜索的启发式算法 
	3.1   染色体编码与初始群体生成 
	3.2   适应函数与不适应函数 
	3.3   种群选取与交配规则 
	3.4   局部搜索增强算法 
	3.5   群体更新与算法终止条件 
	3.6   算法复杂度分析 

	4   基于MASP的数据采集通信协议 
	4.1   初始化阶段 
	4.2   数据采集阶段 

	5   基于低密度网络和多个移动sink点的功能扩展 
	5.1   支持低密度网络 
	5.2   支持多移动sink点 

	6   性能仿真 
	6.1   遗传算法性能评估 
	6.2   单sink点MASP性能评估 
	6.3   多sink点MASP性能评估 

	7   相关工作 
	7.1   Sink移动轨迹固定 
	7.2   Sink移动轨迹可控 

	8   结束语 


