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Abstract: The wireless power transfer technique is promising in solving the energy bottleneck of sensor nodes in wire-
less sensor networks, which can thus prolong the network lifetime or even maintain sustainable network operations. Most
existing works focused on optimizing the static chargers’ deployment or mobile chargers’ charging path for static sensor
nodes with fixed sensor node positions, ignoring the scenario with mobile sensor nodes. Thus, design and optimize the
charging path of a mobile charger was studied for dynamic wireless sensor networks with mobile sensor nodes, to maxi-
mize the charging utility within a finite time horizon, that is, the charger can encounter as more sensor nodes as possible
in a limited time and charge them. Notice that the mobile charger may stop to simultaneously charge multiple nodes
within its charging range during its charging tour. The proposed charging path optimization problem was proven to be an
APX-hard problem. Then, based on the constructed directed acyclic graph using discretization method, a layer-wise
pruning algorithm based on the backtracking method was proposed. The proposed algorithm took the solution generated
by the greedy algorithm as the benchmark and searched the optimal charging path under a fixed time division by lay-
er-wise pruning. Simulation results show that the proposed algorithm can effectively improve the charging utility .
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ALai Sy 4 E
e P
FHIEBTR LR Gy P IUARIN;
W AR SE T AT R RS AR Py
AT Py ST AR S R/INE Y base;
THAELS T ARSI R A R SR AT 78 A AR 2R

while true

WA O 7B R AR 1T RS charged
Sensors N @5 //3(9)H E X

¥ Gy STRAETE G4, S5

. 47 LPA(S, basetl, E,
chargedSensors); //Fric

T Gy, S5 //BIEL

if NFEEM S B E 1R

Break
end if
P IEUERL base N 1, AT —ZBIH

end while
if FREAUEAT T AR
¥ PARAESG Tt B17 PT
else
¥ G, STEFIRIALS Ga S
T [ 4 R SRR S R R A A

end if
return P’
FEFEAFELLT 5 PR,
BB} PULEE, HIEBTR, EBREP RGN,
TR B 20
P2 TFE SRR B e H B AR P A
L R AR AR 1T AN, I00A base.
B3 RSB AR KA R HEES CS.
pazt BB PR LY 5 3 APSE YT LY s BN EH <
G RER AT .
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LA B R T 3 AP IR AR E
Ga P ITUARINIERE, 48/ ) B2 18], 45 5505 Re
iyt T R A 2R ] 5 B B R R T LR AR

ST MR S IR R AR, 5
TCPTA V7 iR T A, 75 B G PR B el A U [l T
AR NIUR IR, e 3 W KRR, rE
P T SUERRERS FEIT (0] T /TR P& B, Bk & it
KRS, FERETIAAMNES S HAK
FEAT o

$E2 X F Vvij=0,12,--,RR+1 , B
S, — S, W EIKHARSN, AL Al ATkt AR, R
SV NSV, %D, WLG,(i,j)=0,

$HE3 KT Vvmn=0,1,2,---,0,0 +1, HE
& B, A1 B, A2 BB BR 535314 B,,,.group 1 B,,.group,
w B X T W s ieB, group,je B, group

G,(i,))=1, H2WHIA i 2 B,.group s j

ZJE AT R ER:, B4
G,(i,k)=0,k = j+1,---,|B,.group| (10)

KIFA R IR F R RN A BEE, B
Tk FTRERA T A, ToA /7 AE Rk

a4 ERAEKE G, HIT S 1,
EBRA IR 2 ML IR 3 Wit i B0 AR B L E
. &t BiRser, ReTgeth AR TR G, TR
RO, HA G B R s AR AR
43 WEEZL

A EETE 3.1 WHIE R A W o
%, AN 4.5 T B BTRC R R . AETR
BEIEF, WP AAT RS PR
RS R, BRRETEMEN s 7 i s, 15 AHD
PATILIS S, BEFREIZ S B, BIRf{3 2] —4&nAT
)78 FL R AR

B,—>B, —>B, —>..»B —>B —>..2>B,,

PEOT LT T N

. C—C
ce(B,.B, )= " (1n)
¢ Totaltime(B, ,B; )
N]
B, =arg max ce(B, ,v) (12)

KADF
¢.=U.,B,C (13)
HIFSFBE A S Hi%E, FLik B, AHRIFSHLI T 7S
IR AES . G, = AP, BIL|B, C-C |1
RFETF AT B, AR A BT (LR B
OB EL LR, Totaltime(B, ,B, )
AN B, A HL A IS B, R S 3
], 78 HAR ) DA R AR B, oF 2 7 HEL A AT B PR <5 A
TR RIS 2805 B, XERIFEHLART, A
N TE AE AT AE 55 10 #2015 R Re 0% dE N 78 HLYE [
M. R(12)H A FoR B B Aas W EIL B, b 78 H
R ZIH &, B RIAR T — 1S4 S, B

A= {B €B:Bet—Arr(B, ) = (B, .cs,B.cs)+ ct} (14)

IS TR EE, i DS B — K AT R AR Py
LI AR T AR R AN APIE NI JZ B R B
% UE, 10/ bases
44 MERKRAFTHERRES

TR, THEE AR R A] 78 AR IR A AR
A, AT 45 W BEEEP AR d g, E
EAFELLT 3 MBI,

L] KBE G, PRI, 53—
MR E Bk, RIS S ERpaE, 21k G,
W INEESEEIE Gy I ENTF Toplist.

B2 MERLRIGE P16 $ T 51 Toplist,
ISR, RS S B R BIHABRT A
ALIATI s K AR (IR 1), BhZSHE
RIFEFRE T N

dist(v) = max {dist(v), dist(u) + 1} (15)

Hrh, dist FedH PR EEH, VIR -1, 2R S
WIUEAN 0, u = Toplist(1), Toplist(2),---» veul,,
FIEPATE R G, dist BV RAFE TN S B H At By
AAET A K B8 AE, Hob S 2] E KK 4
KA max = dist(1) .

W3 MRBNE RGO E ] 7 H AR R A R
&, B

S/.CS=5.CS |J SCS,/=12,-,max (16)

SeS, Vou

Forpr, 8! ERoR dist =1 ARLERTBR .
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I R BIR 2 1 E AR b B AT REA 78 HE A% SRR i
N
45 DRERKEE
I3 IR B RR I B R DU 4.3 ok
AR 2 ATAT 78 R BR AR AR E N HEHEE base, J
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ITBIRL, B E R R AR S8 R A B AN
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base = base +1, EE UL Fid 2, 1504 EiEAS L,
R PR . A B AT r 2R AR (A8
D3 [m] B A% S B 4R B B AT AT 7o RS, 5 IAE
base [IH AL base+1 CRIAT S5 — UK BY i
OB Gy il [l 2R 0% CF 4.6 b v dd)
R R BERAL
LPA 5% W 2,
Bik2 LPAFIL
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&G stop, CRHALRARSES chargedSensors
if FIAZ& 5 E, B start 5T stop
return
end if
RYE LA A RS start fF T A(EES
(start), 1A preTS;
4 preTS FIHEEEIEN Vous
for i := 1 to length(Vou)
BET —EMAELES (Vou(), i
N nextTS;
A THFAE preTS HEGS 78 HEIY
i K45 newSensors;
FF 3 A8) TH AT 75 2 78 L A IR
N remainBase;
if Z AT CRET R AR IR AR, B
remainBase <=0
continue
end if
TR EH O e KRR S
thisChargedSensors;
HE T 2 (20) TH 5 F) A% AT AE AR RS
remainSensors;

/1 it B 78 WL A A% S A A HOK TR A T e

IR L
if remainBase > length(remainSensors)
if 9K G, (start, Voo () IFRIC N 1
Fric Gy (start,Vou(i)) N 2;
continue
else
continue
end if
else
FRic Gy (start,Vou()) N 3:
i AT LPA (Vou(i), remain-
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end if
end for
Frid  REEASEIAE R HT R BT P
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mS B S, TR M A RSN F, (P, B ALETH
mS, B HEAT 78 LR IR SR S
newSensors =S, .C - F (P) 17)

B K TR O 1A 7S AR R = D
BB AL B AR base, M S, FliA4 s E
Jir 7 27 LK A% IR AR B R DN base’s 25 BRAE TR
S, BRI AR AR A, AT TS IR AR O

remainBase = base’ — length(newSensors) (18)
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thisChargedSensors = 7, (P) UnewSensors (19)

IR S, BIE 2 55 E R ] 78 AR IR
remainSensors = S,.CS — thisChargedSensors (20)

47 remainBase < 0 , Ui I LL IS AT BE 08 3 2 b 58
BRI base, K ILULRARRIRIE s 75 ) )

e

remainBase 5 length(remainSensors) ) K 7 o #F
remainBase <X length(remainSensors) , 1 B 7] B8 777

B 12 P=S>..58->8>.>E (H
S — ... > S, ABIHS R OIE IR EEEE
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HAT B A R B AL S E ML, & 04
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7 S—>.>S—>S Ja A n M iEH KR
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At FELERT LR B AR FE ik 4 P
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AT SRR AL B RE, FEA
FER A SR VL . SRR RIBENL R, AL
[FIFERE T2 3.1 RS R, A S R,
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15, 20, 25 130, KB DALE P4 510
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INAE CHAL: ) AR 1. 24 34 5. 100 FIRAE
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